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DRIVING DEVICE OF IMAGE DISPLAY DEVICE, PROGRAM 
AND STORAGE MEDIUM THEREOF, IMAGE DISPLAY 
DEVICE, AND TELEVISION RECEIVER 

[0001] This Nonprovisional application claims priority 
under 35 U.S.C. § 119(a) on Patent Application No. 
2003/99637 filed in Japan on April 2, 2003 and Patent 
Application No. 2003/99645 filed in Japan on April 2, 
2003, the entire contents of which are hereby 
incorporated by reference. 

FIELD OF THE INVENTION 
[0002] The present invention generally relates to a driving 
device of an image display device, a program and/or a 
storage medium thereof, an image display device, and/or a 
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television receiver. 

BACKGROUND OF THE INVENTION 
[0003] Liquid crystal display devices with low operating 
power are in widespread use not only in mobile devices 
but also in stationary type devices. As such a liquid 
crystal display device, there exists a liquid crystal display 
device in which: digital signals indicative of grayscales of 
respective pixels are supplied to a data signal driving 
circuit, and the data signal driving circuit applies voltages, 
corresponding to values of the digital signals, to data 
signal lines, thereby controlling grayscales displayed in 
the pixels. 

[0004] In the liquid crystal display device, data for 
determining a voltage applied to each pixel of the display 
panel is transferred as a digital signal. Thus, when a bit 
width of grayscale data indicative of a grayscale is 
enlarged so as to display a finer grayscale, a circuit size 
or a computing amount of a circuit for processing the 
digital signal is increased. On the other hand, when the 
bit width is narrowed by truncating less significant bits so 
as to reduce the circuit size or the computing amount, a 
pseudo outline occurs in an image displayed in a display 
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panel, so that display quality is significantly deteriorated. 

[0005] Here, in order to realize an image display device 
which can improve the display quality with a simple 
circuit while preventing occurrence of the pseudo outline, 
Japanese Unexamined Patent Publication No. 
337667/2001 (Tokukai 200 1 -337667)(Publication date: 
December 7, 2001) discloses a technique in which: after 
adding a noise to the digital signal, the less significant 
bits are truncated. Specifically, when a digital signal of n 
bit (n is a natural number) is inputted as a video signal, a 
first signal processing section 516 shown in Fig. 26 
performs y correction with respect to the digital signal of 
n bit, so as to convert the digital signal into a digital 
signal of m bit (m > n: m is a natural number). Further, a 
second signal processing section 517 adds a noise signal 
to the digital signal of m bit that has been outputted from 
the first signal processing section 516, and then truncates 
a less significant (m-Q) bit (Q^n: Q is a natural number), 
and outputs a digital signal of remaining Q bit to a data 
signal line driving circuit 514 of the display panel. 
Further, the data signal line driving circuit 514 outputs, 
via a data signal line, a voltage corresponding to the 
digital signal of Q bit that has been outputted from the 
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second signal processing section 517, thereby controlling 
the grayscales displayed in the pixels. 

[0006] In this arrangement, a bit width (Q bit) of the 
digital signal outputted from the second signal processing 
section 517 is set to be shorter than a bit width (m bit) of 
the digital signal outputted from the first signal 
processing section 516. As such, its circuit arrangement 
is simplified as compared with a case where the data 
signal line driving circuit 514. Thus, it is possible to 
process the digital signal outputted by the first signal 
processing section 516. 

[0007] Further, the second signal processing section 517 
adds the noise signal, and then truncates the less 
significant bits. Thus, unlike the case of merely 
truncating the less significant bits, pixels adjacent to 
each other are not greatly different from each other in 
terms of the displayed grayscale. As a result, it is possible 
to realize an image display device which can improve the 
display quality with a simple circuit while preventing 
occurrence of the pseudo outline. 

[0008] While, compared with a CRT (Cathode-Ray Tube) 
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and the like, a response speed of the liquid crystal display 
device is slow. Thus, there is a case where the response 
is not completed in a rewriting time (16.7msec), 
corresponding to an ordinary frame frequency (60Hz), due 
to a transition grayscale. 

[0009] A method has been adopted, in which a driving 
signal is modulated and driven so as to emphasize 
grayscale transition from a grayscale indicated by 
previous grayscale data to a grayscale indicated by 
current grayscale data (see Japanese Unexamined Patent 
Publication No. 116743/2002 (Tokukai 

2002-1 16743)(Publication date: April 19, 2002) for 
example). 

[0010] For example, in case where grayscale transition 
from a previous frame FR (k-1) to a current frame FR (k) is 
"rise", a voltage is applied to the pixel so as to emphasize 
the grayscale transition from a grayscale indicated by the 
previous grayscale data to a grayscale indicated by the 
current grayscale data. More specifically, a voltage 
whose level is higher than a voltage level indicated by 
video data D (i, j, k) of the current frame FR (k) is applied 
to the pixel. 
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[0011] As a result, when the grayscale varies, a 
luminance level of the pixel sharply increases and 
approaches a vicinity of a luminance level corresponding 
to the video data D (i, j, k) of the current frame FR (k) in a 
short period compared with a case where a voltage whose 
level is indicated by the video data D (i, j, k) of the 
current frame FR (k) is applied. Thus, even when the 
response speed of the liquid crystal is low, it is possible to 
improve the response speed of the liquid crystal display 
device. 

[0012] Further, Japanese Patent Publication No. 2650479 
(Date of Patent: September 3, 1997) discloses a display 
device in which: a transmittance curve is made or 
predicted in accordance with signal data of at least three 
sequential fields that are applied to arbitrary pixels, and 
the signal data of the sequential fields are corrected when 
the transmittance curve deviates from a desired 
transmittance curve by a predetermined value or more. 

[0013] Specifically, as shown in Fig. 27, in the display 
device 501a, a data input device 521 stores video data to 
the pixels are stored in a field memory 522. Further, a 
data correction device 523 refers to the field memory 522, 
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and corrects the video data of the field memory 522 when 
a difference between an ideal transmittance and an 
actually predicted transmittance is larger than a 
predetermined threshold value. Further, a data output 
device 524 sequentially reads out thus corrected video 
data of the field memory 522, so as to drive pixels (not 
shown). 

SUMMARY OF THE INVENTION 
[0014] Incidentally, a second signal processing section of 
the arrangement disclosed by Tokukai 2001-337667 has to 
detect how many grayscales the display element can 
display, and has to truncate bits so that the number of 
bits corresponds to the grayscales. It further has to add 
a noise corresponding to widths of thus truncated bits. 

[0015] Thus, it is desirable to dispose the second signal 
processing section close to the display element of the 
display panel so that grayscales which can be displayed 
by the display element of the display panel are specified 
and the widths of the truncated bits are specified. In 
Tokukai 2002-116743, a processing section for 
emphasizing the grayscale transition has to emphasize the 
grayscale transition so that grayscale displayed by a pixel 
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of the display panel reaches desired grayscale. Thus, it is 
desirable to dispose the processing section close to the 
display panel so that how much the grayscale transition 
should be emphasized so as to reach the desired grayscale 
is specified and appropriate emphasis of the grayscale 
transition is determined. 

[0016] Further, according to the foregoing conventional 
arrangements, when target grayscale is a minimum 
grayscale or a maximum grayscale, the grayscale 
transition cannot be sufficiently emphasized. 

[0017] For example, in case where the grayscale 
transition from the previous frame to the current frame is 
grayscale transition from a maximum grayscale to a 
minimum grayscale, even when the processing section for 
emphasizing the grayscale transition is to emphasize the 
grayscale transition, the grayscale transition cannot be 
emphasized any more since the grayscale transition is the 
grayscale transition from the maximum grayscale to the 
minimum grayscale. Thus, it is impossible to sufficiently 
emphasize the response speed of the pixels. 

[0018] The inventors earnestly studied in order to realize 
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a driving device of an image display device which can 
suppress apparent deterioration of display quality and can 
drive a display element at a high speed with a smaller 
circuit size and a smaller computing amount. They found 
that it is more preferable to perform a process for adding 
a noise before performing a process for emphasizing the 
grayscale transition. As a result, various embodiments of 
the present invention were devised. 

[0019] An object of an embodiment of the present 
invention includes realizing a driving device of an image 
display device, which can improve the response speed of 
the pixels and which has a simple arrangement, without 
apparently deteriorating the display quality of an image 
displayed in the pixels. 

[0020] Further, another object of an embodiment of the 
present invention is to realize a driving device of an image 
display device which can improve the response speed of 
the pixels even when grayscale transition to the minimum 
grayscale is required. 

[0021] In order to achieve an object, a driving device of an 
image display device according to an embodiment of the 
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present invention includes: an input terminal for receiving 
first tone data indicative of a current tone of each of 
pixels; noise adding means for adding noise data to the 
first tone data inputted to the input terminal, and 
rounding a less significant bit whose bit width is 
predetermined, so as to generate second tone data; noise 
generating means for generating the noise data so that the 
noise data added to the first tone data supplied to the 
pixels of the same color which are adjacent to each other 
have random volumes; storage means for storing current 
second tone data of the pixel until next second tone data 
is inputted; and first correction means for correcting the 
current second tone data, in accordance with previous 
second tone data read out from the storage means, so as 
to facilitate tone transition from the previous second tone 
data to the current second tone data. 

[0022] In the foregoing arrangement, when the first tone 
data indicative of the current tone of each pixel is 
inputted, the noise adding means adds the noise data to 
the first tone data inputted to the input terminal, and 
rounds the less significant bit, so as to generate the 
second tone data. The current second tone data of each 
pixel that has been generated by the noise adding means 
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is stored in the storage means until the next time, and the 
first correction means corrects the current second tone 
data, in accordance with the previous second tone data 
read out from the storage means and the current second 
tone data inputted from the noise adding means, so as to 
emphasize the tone transition from the previous time to 
the current time. 

[0023] In the arrangement, a bit width of the second tone 
data stored in the storage means is set to be shorter than 
that of the first tone data by rounding the less significant 
bit. Thus, it is possible to reduce the storage capacity 
required in the storage means. Further, a bit width of the 
tone data processed by circuits (the storage means, the 
first correction means, and the like) positioned after the 
noise adding means is reduced, so that it is possible to 
reduce a circuit size of these circuits and to reduce the 
computing amount thereof. In addition, it is possible to 
reduce the number of wirings for connecting these circuits 
and to reduce an area occupied by the wirings. 

[0024] Further, the noise generating means generates the 
noise data so that the noise data added to the first tone 
data to the pixels of the same color which are adjacent to 
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each other have random volumes. Thus, unlike an 
arrangement in which a pseudo outline occurs in an image 
displayed in the pixels when the less significant bit of the 
first tone data is truncated so as to generate the second 
tone data, the foregoing arrangement brings about no 
pseudo outline. 

[0025] As a result, although the bit width of the second 
tone data is shorter than that of the first tone data, it is 
possible to keep the display quality of an image displayed 
in the pixels under such condition that the display quality 
does not apparently different from that in the case of 
displaying an image based on the first tone data. 

[0026] Further, the first correction means emphasizes the 
tone transition from the previous time to the current time, 
so that it is possible to improve the response speed of the 
pixels. Here, in case where the first correction means is 
provided at the following stage of the noise adding means, 
a noise is added to the data after emphasizing the tone 
transition. Thus, the tone transition may be excessively 
emphasized, so that the luminance of the pixels is 
undesirably increased. As a result, there is a possibility 
that this excessive emphasis of the tone transition may be 
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recognized by the user of the image display device as 
excess brightness. 

[0027] Alternatively, the tone transition may be 
insufficiently emphasized, so that the luminance of the 
pixel is undesirably reduced. As a result, there is a 
possibility that the insufficient emphasis may be 
recognized as poor brightness. However, according to the 
foregoing arrangement, the first correction means is 
provided at the following stage of the noise adding means, 
so that it is possible to improve the response speed of the 
pixels without bringing about excess or poor brightness 
that are caused by the addition of the noise, unlike the 
case where the first correction means is provided at the 
previous stage of the noise adding means. 

[0028] As a result, it is possible to realize the driving 
device of the image display device which can improve the 
response speed of the pixels and can reduce the circuit 
size and the computing amount without apparently 
deteriorating the display quality of an image displayed in 
the pixels. 

[0029] While, in order to achieve an object, a driving 
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device of an image display device according to an 
embodiment of the present invention includes: tone 
conversion means for converting first tone data indicative 
of a current tone of each of pixels into second tone data 
having a y property larger than a y property of the first 
tone data; storage means for storing current second tone 
data until next time; and correction means for correcting 
the current second tone data, in accordance with previous 
second tone data read out from the storage means, so as 
to facilitate tone transition from the previous second tone 
data to the current tone data, wherein a lowest possible 
limit of the second tone data which varies according to 
conversion of the first tone data is set to be higher than a 
lower limit of a representable value range of the second 
tone data. 

[0030] In the foregoing arrangement, the correction means 
corrects the current second tone data so as to emphasize 
the tone transition from the previous time to the current 
time, so that it is possible to improve the response speed 
of the pixels. Besides, in the foregoing arrangement, the 
tone conversion means converts the first tone data into 
the second tone data having a larger y property. Further, 
a lowest possible limit of the second tone data which 
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varies according to conversion of the first tone data is set 
to be higher than a lower limit of a representable value 
range of the second tone data. 

[0031] Thus, in case where the pixel for displaying an 
image based on the second tone data displays a tone 
indicated by the second tone data, there are a larger 
number of dark tones than the case where the y 
conversion is not performed. Further, a value of second 
tone data which corresponds to a lower limit (black level) 
of the first tone data is not the lower limit of the second 
tone data. Thus, the correction means can use second 
tone data indicative of a tone lower than a tone of the 
foregoing second tone data in emphasizing the tone 
transition, so that it is possible to improve the response 
speed of the pixels. 

[0032] For a fuller understanding of the nature and 
advantages of the invention, reference should be made to 
the ensuing detailed description of exemplary 
embodiments taken in conjunction with the accompanying 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] Fig. 1 shows one embodiment of the present 
invention, and is a block diagram showing an important 
portion of a modulated-drive processing section of an 
image display device. 

[0034] Fig. 2 is a block diagram showing an important 
portion of the image display device. 

[0035] Fig. 3 is a circuit diagram showing an example of 
an arrangement of a pixel provided in the image display 
device. 

[0036] Fig. 4 shows how a transmittance of the pixel 
increases with respect to a peripheral luminance in terms 
of percent when a grayscale displayed in the pixel is 
increased by x grayscale. 

[0037] Fig. 5 shows how a transmittance of the pixel 
increases with respect to an original luminance in terms 
of percent when a grayscale displayed in the pixel is 
increased by x grayscale. 

[0038] Fig. 6 shows how the modulated-drive processing 



16 



U.S. Patent Application 
Docket No. 12480-000038/US 

section operates, and is a timing chart showing an actual 
luminance level in case where grayscale transition from a 
grayscale indicated by further previous grayscale data to a 
grayscale indicated by current grayscale data is 
decay— » rise. 

[0039] Fig. 7 shows how the modulated-drive processing 
section operates, and is a timing chart showing an actual 
luminance level in case where the grayscale transition 
from the grayscale indicated by the further previous 
grayscale data to the grayscale indicated by the current 
grayscale data is rise— >decay. 

[0040] Fig. 8 shows a relationship between (i) an area 
represented by a combination of video data of a further 
previous frame and video data of a previous frame and (ii) 
a computing area. 

[0041] Fig. 9 shows content of a Look Up Table provided 
to the modulated-drive processing section. 

[0042] Fig. 10 shows another embodiment of the present 
invention, and is a block diagram showing an important 
portion of a modulated-drive processing section. 
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[0043] Fig. 1 1 shows another embodiment of the present 
invention, and is a block diagram showing an important 
portion of a modulated-drive processing section. 

[0044] Fig. 12 shows another embodiment of the present 
invention, and shows content of a Look Up Table provided 
to the modulated-drive processing section. 

[0045] Fig. 13 shows still another embodiment of the 
present invention, and is a block diagram showing an 
important portion of a modulated-drive processing section. 

[0046] Fig. 14 shows further still another embodiment of 
the present invention, and is a block diagram showing an 
important portion of a modulated-drive processing section. 

[0047] Fig. 15 shows another embodiment of the present 
invention, and is a block diagram showing an important 
portion of a modulated-drive processing section. 

[0048] Fig. 16 shows how a grayscale conversion circuit 
provided in the modulated-drive processing section 
operates, and shows a relationship between (i) a value 
range before performing grayscale conversion and (ii) a 
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value range after performing the grayscale conversion. 

[00491 Fig. 17 shows how a y conversion circuit provided 
in the modulated-drive processing section operates, and 
shows y properties before and after performing the 
grayscale conversion. 

[0050] Fig. 18 is a graph showing a voltage-transmittance 
property of a liquid crystal cell used in a pixel array of the 
image display device. 

[0051] Fig. 19 shows a comparative example, and is a 
graph showing a relationship between (i) a grayscale 
received by a data signal line driving circuit of an image 
display device and (ii) a voltage applied to a pixel. 

[0052] Fig. 20 is a graph showing a relationship between 
(i) a grayscale received by a data signal line driving circuit 
of the image display device according to the foregoing 
embodiment and (ii) a voltage applied to the pixel. 

[0053] Fig. 21 shows operations of the grayscale 
conversion circuit and the data signal line driving circuit 
that are provided in the modulated-drive processing 
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section, and shows a relationship among (i) a value range 
before performing the grayscale conversion, (ii) a value 
range after performing the grayscale conversion, and (iii) a 
voltage applied to the pixel. 

[0054] Fig. 22 is a graph indicative of a luminance 
response property of a pixel which is normalized in terms 
of a white luminance when video data inputted to the 
image display device varies from a black level to a white 
level. 

[0055] Fig. 23 shows another embodiment of the present 
invention, and is a block diagram showing an important 
portion of a modulated-drive processing section. 

[0056] Fig. 24 shows still another embodiment of the 
present invention, and is a block diagram showing an 
important portion of a modulated-drive processing section. 

[0057] Fig. 25 shows further still another embodiment of 
the present invention, and is a block diagram showing an 
important portion of a modulated-drive processing section. 

[0058] Fig. 26 shows a background art, and is a block 
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diagram showing an important portion of an image display 
device. 

[0059] Fig. 27 shows another background art, and is a 
block diagram showing an important portion of an image 
display device. 

[0060] Fig. 28 further details the condition shown in Fig. 
16. 

[0061] Fig. 29 further details the condition shown in Fig. 
17. 

DESCRIPTION OF THE EMBODIMENTS 
[Embodiment 1] 

[0062] The following description will explain one 
embodiment of the present invention with reference to Fig. 
1 to Fig. 9. That is, an image display device 1 according to 
the present embodiment can improve a response speed of 
pixels so that display quality of an image displayed in the 
pixels does not apparently deteriorate, and can reduce a 
circuit size and a computing amount. The image display 
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device 1 of the present embodiment can be preferably used 
as an image display device of a television receiver for 
example. Note that, examples of television broadcast 
received by the television receiver include (i) ground wave 
television broadcast, (ii) satellite broadcast such as BS 
(Broadcasting Satellite) digital broadcast and CS 
(Communication Satellite) digital broadcast, and (iii) cable 
television broadcast. 

[0063] In a panel 1 1 of the image display device 1, for 
example, sub-pixels which can display colors of R, G, B 
constitute a single pixel, and a luminance of the 
sub-pixels is controlled, so that the panel 11 can display 
colors. For example, as shown in Fig. 2, the panel 11 
includes: a pixel array 2 having sub-pixels SPIX (1,1) to 
SPIX (n, m) disposed in a matrix manner; a data signal 
line driving circuit 3 for driving data signal lines SL1 to 
SLn of the pixel array 2; and a scanning signal line 
driving circuit 4 for driving scanning signal lines GL1 to 
GLm of the pixel array 2. 

[0064] Further, the image display device 1 includes: a 
control circuit 12 for supplying control signals to both the 
driving circuits 3 and 4; and a modulated-drive processing 
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section (driving device) 21 for modulating a video signal, 
supplied to the control circuit 12, in accordance with an 
inputted video signal, so as to emphasize the grayscale 
transition. Note that, these circuits are operated by power 
supplied from a power source circuit 13. Further, in the 
present embodiment, three sub-pixels SPIX adjacent to 
each other in a direction along the scanning signal lines 
GL1 to GLm constitute a single pixel PIX. Further, the 
sub-pixels SPIX (1, 1) ••• according to the present 
embodiment correspond to pixels recited in claims. 

[0065] Here, a schematic arrangement and operations of 
the entire image display device 1 will be explained before 
detailing an arrangement of the modulated-drive 
processing section 21. Further, for convenience in 
description, numbers or alphabets each of which indicates 
a position are added only in a case where it is necessary 
to specify the position like an i-th data signal line SLi, 
and signs each of which indicates the position are omitted 
in case where it is not necessary to specify the position or 
in case where members are generically referred to. 

[0066] The pixel array 2 includes: a plurality of (in this 
case, n) data signal lines SLI to SLn; and a plurality of (in 
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this case, m) scanning signal lines GL1 to GLm which 
respectively cross the data signal lines SL1 to SLn. When 
an arbitrary integer among 1 to n and an arbitrary integer 
among 1 to m are j, the sub-pixel SPIX (i, j) is provided 
with each combination of the data signal line SLi and the 
scanning signal line GLj. 

[0067] In the case of the present embodiment, each 
sub-pixel SPIX (i, j) is disposed on a portion surrounded 
by two data signal lines SL(i-l) and SLi adjacent to each 
other and two scanning signal lines GL(j-l) and GLj 
adjacent to each other. 

[00681 As an example, a case where the image display 
device 1 is a liquid crystal display device is described as 
follows. For example, the sub-pixel SPIX (i, j) includes: a 
field-effect transistor SW (i, j), whose gate is connected to 
the scanning signal line GLj and drain is connected to the 
data signal line SLi, as a switching element; and a pixel 
capacitor Cp (i, j) whose one electrode is connected to a 
source of the field-effect transistor SW (i, j) as shown in 
Fig. 3. Further, the other electrode of the pixel capacitor 
Cp (i, j) is connected to a common electrode line which is 
shared by all the sub-pixels SPIX The pixel capacitor 
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Cp (i, j) is constituted of a liquid crystal capacitor CL (i, j) 
and an auxiliary capacitor Cs (i, j) which is added as 
required. 

[0069] In the sub-pixel SPIX (i, j), when the scanning 
signal line GLj is selected, the field-effect transistor SW (i, 
j) conducts, so that a voltage applied to the data signal 
line SLi is applied to the pixel capacitor Cp (i, j). While the 
field-effect transistor SW (i, j) turns OFF after the 
selection period of the scanning signal line GLj, the pixel 
capacitor Cp (i, j) continues to retain a voltage obtained in 
turning OFF. Here, a transmittance or a reflectance of 
liquid crystal varies depending on a voltage applied to the 
liquid crystal capacitor CL (i, j). Thus, when the scanning 
signal line GLj is selected and a voltage corresponding to 
video data D (i, j, k) sent to the sub-pixel SPIX (i, j) is 
applied to the data signal line SLi, it is possible to vary a 
display condition of the sub-pixel SPIX (i, j) so as to 
correspond to the video data D (i, j, k). 

[0070] The liquid crystal display device according to the 
present embodiment uses, as a liquid crystal cell, a 
vertical-alignment mode liquid crystal cell in which: its 
liquid crystal molecules are aligned substantially in a 
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vertical direction with respect to a substrate in receiving 
no voltage, and its molecules slant from a condition, 
under which they are aligned in a vertical direction, in 
accordance with a voltage applied to the liquid crystal 
capacitor CL (i, j) of the sub-pixel SPIX (i, j). The liquid 
crystal cell is used in a normally black mode (in which a 
black state is displayed in receiving no voltage). 

[0071] In the foregoing arrangement, a scanning signal 
line driving circuit 4 shown in Fig. 2 outputs a signal 
indicative of whether it is a selection period or not, i.e., a 
voltage signal and the like, to each of the scanning signal 
lines GL1 to GLm. Further, the scanning signal line 
driving circuit 4 changes the scanning signal line GLj for 
outputting a signal indicative of the selection period, for 
example, in accordance with a timing signal, such as a 
clock signal GCK and a start pulse signal GSP, supplied 
from the control circuit 12. Thus, the respective scanning 
signal lines GL1 to GLm are sequentially selected at 
predetermined timings. 

[0072] Further, a data signal line driving circuit 3 
extracts video data inputted to the sub-pixels SPIX 
in a time-divisional manner, as video signals, by sampling 
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the video data D ••• or in a similar manner at 
predetermined timings. Further, the data signal line 
driving circuit 3 outputs output signals, corresponding to 
the respective video data, to the sub-pixels SPIX (1, j) to 
SPIX (n, j) that correspond to the scanning signal lines 
GLj being selected by the scanning signal line driving 
circuit 4, via the respective data signal lines SL1 to SLn. 

[0073] Note that, the data signal line driving circuit 3 
determines a timing of the sampling and an output timing 
of an output signal in accordance with a timing signal, 
such as a clock signal SCK and a start pulse signal SSP, 
that is inputted from the control circuit 12. 

[0074] While the corresponding scanning signal lines GLj 
are being selected, the sub-pixels SPIX (1, j) to SPIX (n, j) 
adjust their luminance or transmittance in emitting light 
in accordance with output signals supplied to the 
corresponding data signal lines SL1 to SLn, thereby 
determining brightness thereof. 

[0075] Here, the scanning signal line driving circuit 4 
selects the scanning signal lines GL1 to GLm sequentially. 
Thus, it is possible to set the sub-pixels SPIX (1, 1) to 
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SPIX (n, m) constituting all the pixels of the pixel array 2 
to have brightness (grayscale) indicated by the respective 
video data, thereby updating an image displayed in the 
pixel array 2. 

[0076] Note that, the video data D may be a grayscale 
level itself of may be a parameter for computing a 
grayscale level as long as it is possible to specify a 
grayscale level of the sub-pixel SPIX. However, as an 
example, the following description will explain the case 
where the video data D is the grayscale level itself of the 
sub-pixel SPIX. 

[0077] Further, in the image display device 1, a video 
signal DAT supplied from a video signal source VS to the 
modulated-drive processing section 21 may be transferred 
as a frame unit (entire image unit), or it may be so 
arranged that: one frame thereof is divided into a plurality 
of fields, and the video signal DAT is transferred field by 
field. However, as an example, the following description 
will explain the case where the video signal DAT is 
transferred field by field. 

[0078] That is, in the present embodiment, the video 
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signal DAT supplied from the video signal source VS to the 
modulated-drive processing section 21 is transferred in 
such a manner that: one frame is divided into a plurality 
of fields (for example, two fields), and the video signal DAT 
is transferred field by field. 

[0079] In more detail, in transferring the video signal DAT 
to the modulated-drive processing section 21 of the image 
display device 1 via a video signal line VL, the video signal 
source VS transfers all the video data for a certain field. It 
then transfers video data for the next field, thereby 
transferring the video data for the respective fields by 
time division. 

[0080] Further, the field is constituted of a plurality of 
horizontal lines. In the video signal line VL, for example, 
all the video data for a certain horizontal line is 
transferred at a certain field. Then, video data for the 
next horizontal line is transferred, thereby transferring 
the video data for each horizontal line by time division. 

[0081] Note that, in the present embodiment, one frame is 
constituted of two fields. In each even-numbered field, 
video data of even-numbered horizontal lines out of the 
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horizontal lines constituting one frame is transferred. 
Further, in each odd-numbered field, video data of 
odd-numbered horizontal lines is transferred. Moreover, 
the video signal source VS drives the video signal line VL 
by time division also in transferring video data of one 
horizontal line, so that the respective video data is 
sequentially transferred in a predetermined order. 

[0082] Meanwhile, in the modulated-drive processing 
section 21, a receiving circuit (not shown) samples the 
video data transferred through the video signal line VL, 
and obtains video data D (i, j, k) supplied to the respective 
sub-pixels SPIX (i, j). Note that, in case where the video 
data D (i, j, k) supplied to the respective sub-pixels SPIX 
(i, j) through the video signal line VL is transferred, the 
receiving circuit performs the sampling at a predetermined 
timing, thereby obtaining the video data D (i, j, k) itself. 

[0083] Meanwhile, in case where the video data supplied 
to the respective pixels is transferred through the video 
signal line VL, the receiving circuit performs the sampling 
at a predetermined timing, thereby obtaining the video 
data for the respective pixels. Then, the receiving circuit 
decomposes colors indicated by the video data into color 



30 



U.S. Patent Application 
Docket No. 12480-000038/US 

components of the respective sub-pixels of the pixel, 
thereby obtaining the video data D (i, j, k) supplied to the 
respective sub-pixels SPIX (i, j). 

[0084] In the image display device 1 according to the 
present embodiment, a single pixel is constituted of three 
sub-pixels SPIX respectively corresponding to R, G, and B. 
Also the modulated-drive processing section 21 shown in 
Fig. 2 includes not only a circuit for R, that is, a circuit 
for processing the video data D supplied to the sub-pixel 
SPIX corresponding to R, but also circuits for G and B. 
However, the respective circuits are arranged in the same 
manner except for the inputted video data D (i, j, k), so 
that the following description will explain merely the 
circuit for R with reference to Fig. 1. 

[0085] That is, the modulated-drive processing section 21 
according to the present embodiment includes, as circuits 
for R: a frame memory 31 which stores the video data 
supplied to the sub-pixel SPIX for R so that the video data 
of one frame is stored until the next frame; a memory 
control circuit 32 which writes the video data of a current 
frame FR(k) on the frame memory 31, and reads out the 
video data DO (i, j, k) of a previous frame FR (k-1) from 
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the frame memory 31, so as to output the video data DO (i, 
j, k) as previous frame video signal DATO; a modulation 
processing section (first correction means) 33 which 
corrects the video data of the current frame FR (k) so that 
grayscale transition from the current frame to the 
previous frame is emphasized, and outputs thus corrected 
video data D2 (i, j, k) as a corrected video signal DAT2. 

[0086] Note that, in the present embodiment, for the 
convenience in description, the video data outputted from 
the frame memory 31 is described as follows: the video 
data of the previous frame FR (k-1) is referred to as DO (i, 
j, k), and the video data of a further previous frame FR 
(k-2) (this video data will be described later) is referred to 
as D00 (i, j, k-2). Further, based on both the video data 
D00 (i, j, k-2) and DO (i, j, k-1), video data generated by a 
previous frame grayscale correction circuit 37 described 
later is referred to as DOa (i, j, k-1). Note that, in the 
present embodiment, each of the sub-pixels SPIX (1, j), (4, 
j) ••• displays R, so that the video data D (1, j, k), D (4, j, 
k) are inputted to an input terminal Tl . 

[0087] Further, the modulated-drive processing section 21 
according to the present embodiment includes a BDE 
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(Bit-Depth Extension) circuit and the BDE circuit has: a 
noise adding circuit 34 which adds a noise generated by a 
noise generating circuit (a non-limiting example of 
support for noise generating means) 35 to the video data 
D (i, j, k) inputted to the input terminal Tl, and outputs 
the resultant data; and a truncation circuit 36 which 
truncates less significant bits of the video data outputted 
by the noise adding circuit 34 so as to reduce a bit width 
of the video data. The video data Dl (i, j, k) outputted by 
the truncation circuit 36 is inputted to the modulation 
processing section 33 and the memory control circuit 32 
as the video data of the current frame FR (k). Note that, 
the noise generating circuit 35 and the truncation circuit 
36 correspond to a non-limiting example of support for 
noise adding means. 

[0088] The noise generating circuit 35 outputs such a 
random noise that a pseudo outline does not occur in an 
image displayed in the pixel array 2, and an average value 
of thus outputted noise is 0. Further, when a maximum 
value of the noise data is too large, there is a possibility 
that a noise pattern may be recognized by a user of the 
image display device 1, so that the maximum value of the 
noise is so set that the noise pattern is not recognized. 
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[0089] In the present embodiment, the video data D (i, j, 
k), supplied to each of the sub-pixels SPIX (i, j), which is 
inputted to the input terminal Tl is represented by 8 bits, 
and an amount of the noise data is set to be within ± 5 
bits. Further, the truncation circuit 36 truncates less 
significant 2 bits from 8-bit video data outputted by the 
noise generating circuit 35, and outputs the data as 6-bit 
video data Dl (i, j, k). Accordingly, the frame memory 31's 
storage area for storing the respective video data Dl (i, j, 
k) of the current frame FR (k) is reduced so that each 
video data Dl (i, j, k) corresponds to 6 bits. 

[0090] Thus, it is possible to reduce the number of bits of 
the video data processed by circuits positioned after the 
truncation circuit 36, without bringing about a noise 
pattern and a pseudo outline in an image displayed in the 
pixel array 2. This is further done while preventing the 
image from apparently differing from an image based on 
the video data D which has not been subjected to the 
truncation. 

[0091] Here, the added noise is recognized by the user of 
the image display device 1 in terms of (i) how largely an 
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observed grayscale is different from a grayscale of 
peripheral pixels (regulation) and (ii) how largely the 
luminance of the observed grayscale is different from 
target luminance (error). Generally, it is known that: in a 
field of visualization based on lOOppi like the image 
display device 1, an allowable limit of the error is 
approximately 5% with respect to white luminance, and an 
allowable limit of the regulation is approximately 5% with 
respect to a displayed grayscale. Here, Fig. 4 shows how 
the transmittance of the pixel increases with respect to 
the peripheral luminance (transmittance before increasing 
the grayscale) in terms of percent when the grayscale 
displayed in the pixel is increased by x grayscale. 

[0092] Further, Fig. 5 shows how the transmittance of the 
pixel increases with respect to an original transmittance 
(transmittance before increasing the grayscale) in terms of 
percent when the grayscale displayed in the pixel is 
increased by x grayscale. This shows such result that: in 
case of a noise of 8 to 12 grayscales, almost all the 
grayscales do not exceed the allowable limit, so that it is 
possible to prevent the user from recognizing apparent 
deterioration of the display quality. Note that, each of the 
foregoing figures shows a value in case where a video 
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signal of y = 2.2 as a general video signal DAT. 

[0093] Thus, in case where it is assumed that the user 
views an image at such a distance that a single pixel 
cannot be recognized, in 2 to 3 pixels (6 to 9 sub-pixels), 
the regulation and the error are set not to exceed 5%. 
Here, when the noise data is indicated by substantially 
normal distribution, the grayscale is as follows: 8 to 12 
[grayscales] x to 9d/2) = 20 to 36 [grayscales]. Thus, 

even when fixed noises are added in a time-series manner 
so as to have a bit width such as approximately 5 bits, 
that is, the bit width less than that of the video data D by 
3 bits, there is no possibility that the noise pattern is 
recognized by the user of the image display device. 

[0094] Note that, even when the pixel size is larger, it is 
general that a distance at which an image is viewed by the 
user does not accordingly increase. Thus, as the pixel size 
becomes larger, the allowable level of the noise data 
becomes smaller. Therefore, in a value range of 1 to 32 
grayscales (within 5 bits), a value range preferably used in 
many image display devices 1 as a maximum value of an 
absolute value of the noise data is 12 to 20 grayscales, 
and it is more preferable to set the value range to 15 
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grayscales (4 bits). 

[0095] As the noise generating circuit 35, it is possible to 
use various kinds of computing circuits such as a 
computing circuit including a linear feedback shift 
register (M series and Gold series), but the noise 
generating circuit 35 according to the present embodiment 
includes: a memory 51 for storing noise data of 
predetermined blocks such as 16 x 16 or 32 x 32; an 
address counter 52 for sequentially reading out the noise 
data from the memory 51; and a control circuit 53 for 
generating a reset signal for resetting the address counter 
52. 

[0096] The control circuit 53 resets the address counter 
52 so that the noise data having the same value are added 
to the video data D (i, j , *) supplied to the same sub-pixel 
SPIX (i, j) throughout all the frames. For example, in the 
present embodiment, the control circuit 53 resets the 
address counter 52 in synchronism with at least one of a 
horizontal synchronization signal and a vertical 
synchronization signal that are transferred, in 
combination with the video data, from the video signal 
source VS shown in Fig. 2. As a result, the noise adding 
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circuit 34 can add the noise data having the same value to 
the video data D (i, j, *) supplied to the same sub-pixel 
SPIX (i, j) throughout all the frames. 

[0097] Thus, in case where the image display device 1 
displays a still image in the pixel array 2, the corrected 
video data D2 (i, j , *) supplied to the sub-pixels SPIX (i, j) 
does not vary. As such, it is possible to display a stable 
still image free from flicker and noise that are caused by 
the variation of the corrected video data D2 (i, j, *). Here, 
* indicates an arbitrary value. 

[0098] Note that, random noise data is stored in the 
memory 51. Thus, in each frame, the random noise data is 
added to the video data supplied to the sub-pixel SPIX 
positioned in the same block. As a result, a pseudo 
outline does not occur in an image displayed in the pixel 
array 2. 

[0099] Further, in the present embodiment, the frame 
memory 31 stores the video data of the previous frame 
until the next frame, and the control circuit 32 reads out 
the video data D00 (i,j,k-2) of the further previous frame 
FR (k-2), and outputs the data as the further previous 
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video signal DATOO. 

[00100] Further, the modulated-drive processing section 21 
according to the present embodiment includes a previous 
frame grayscale correction circuit (second correction 
means) 37. As to each sub pixel SPIX (i, j), the previous 
frame grayscale correction circuit 37 predicts a grayscale 
reached in the transition from the video data DOO (i, j, 
k-2) to the video data DO (i, j, k-1), and corrects the video 
data DO (i, j, k-1) of the previous frame FR (k-1) into the 
predicted value DOa (i, j, k-1) so as to output the 
predicted value DOa (i, j, k-1). The modulated-drive 
processing section 33 corrects the video data Dl (i, j, k) of 
the current frame FR (k), in accordance with the corrected 
previous frame video signal DATOa and the current frame 
video signal DAT, so as to emphasize the sub-pixel SPIX (i, 
j)'s grayscale transition from the previous frame to the 
current frame. 

[00101] According to the foregoing arrangement, the 
modulation processing section 33 corrects the video data 
Dl (i, j, k) of the current frame FR (k) so as to emphasize 
the grayscale transition from the previous frame FR (k-1) 
to the current frame FR (k). As such, it is possible to 
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improve a response speed of the sub-pixel SPIX. As a 
result, even in case of using a sub-pixel SPIX whose 
response speed is originally low, it is possible to display 
an image at a sufficiently high response speed. 

[00102] Further, at a previous stage of the frame memory 
31, the BDE circuit including the noise adding circuit 34 
and the truncation circuit 36 is provided. As such, it is 
possible to reduce an amount of the video data D (i, j, k) 
stored in the frame memory 31 without apparently 
deteriorating the display quality of an image displayed in 
the pixel array 2. 

[00103] In the present embodiment, although a bit width of 
the video data D (i, j, k) inputted to the input terminal Tl 
is 8 bits, the bit width of the video data Dl (i, j, k) stored 
in the frame memory 31 is reduced to 6 bits. Thus, it is 
possible to reduce the memory capacity required in the 
frame memory 31. 

[00104] Further, in circuits positioned after the truncation 
circuit 36, that is, in the memory control circuit 32, the 
previous frame grayscale correction circuit 37, the 
modulation processing section 33, the control circuit 12 
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shown in Fig. 2, and the data signal line driving circuit 3, 
the bit width of the video data is reduced from 8 bits to 6 
bits. As such, it is possible to reduce (i) the number of 
connection wirings and (ii) an area occupied by the 
connection wirings by 3/4. As a result, it is possible to 
reduce a computing amount of these circuits. 

[00105] Note that, it is necessary to transfer the video data 
at comparatively high speed. Thus, in order to transfer the 
video data by using a circuit whose response speed is 
comparatively low, it is necessary to provide a plurality of 
circuits in parallel and to operate the circuits alternately. 
As a result, when the number of bits of the video data 
increases, an area occupied by the circuits increases. 
However, according to the foregoing arrangement, the bit 
width is reduced by 3/4, so that it is possible to prevent 
the area occupied by the circuits from increasing even 
when the circuits operating in parallel to each other are 
provided. 

[00106] Further, according to the foregoing arrangement, 
the BDE circuit including the noise adding circuit 34 and 
the truncation circuit 36 is provided at the previous stage 
of the frame memory 31 and the modulation processing 
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section 33. Thus, unlike the case where the BDE circuit is 
provided at the following stage of the modulation 
processing section 33, the foregoing arrangement does not 
bring about the following disadvantage: after the 
modulation processing section 33 emphasizes the 
grayscale transition as much as possible while 
suppressing the occurrence of the excessive brightness, 
the BDE circuit adds the noise, so that the excessive 
brightness is recognized by the user. As a result, 
according to the foregoing arrangement, although the 
addition of noise and emphasis of the grayscale transition 
are performed together, it is possible to prevent the 
occurrence of the excessive brightness. 

[00107] Incidentally, when the response speed of the 
sub-pixel SPIX (i, j) is extremely low, this raises the 
following problem. Although the grayscale transition from 
the further previous frame to the previous frame is 
emphasized in the previous frame FR (k-1), the sub-pixel 
SPIX (i, j) sometimes fails to reach a grayscale indicated 
by the video data Dl (i, j, k-1) of the previous frame FR 
(k-1). In this case, when the grayscale transition is 
emphasized in the current frame FR (k) on the assumption 
that the grayscale transition from the further previous 
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frame to the previous frame has been sufficiently 
performed, there is a possibility that the grayscale 
transition may be so inappropriately emphasized that the 
excessive or poor brightness may occur. 

[00108] For example, as shown by a continuous line of Fig. 
6, when the grayscale transition from the further previous 
frame to the current frame is decay— >rise, this raises the 
following disadvantage. As shown by a broken like of Fig. 
6, the grayscale transition from the further previous frame 
to the current frame does not sufficiently perform. 
Further, the luminance level at the start of the frame FR 
(k) does not sufficiently drop. When the pixel is driven in 
the current frame FR (k) in the same manner as in the 
case where the grayscale transition is sufficiently 
performed (shown by a chain line of Fig. 6) regardless of 
the foregoing condition, the grayscale transition is 
excessively emphasized, so that the excessive brightness 
occurs. 

[00109] Further, as shown by a continuous line of Fig. 7, 
in case where the grayscale transition from the further 
previous frame to the current frame is rise— >decay, this 
brings about the following problem. As shown by a broken 
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line of Fig. 7, the grayscale transition from the further 
previous frame to the previous frame is not sufficiently 
performed, and the luminance level at the start of the 
frame FR (k) does not sufficiently drop. When the pixel is 
driven in the current frame FR (k-1) in the same manner 
as in the case where the grayscale transition is 
sufficiently performed (shown by a chain line of Fig. 7) 
regardless of the foregoing condition, the grayscale 
transition is excessively emphasized, so that the poor 
brightness occurs. 

[00110] When the excessive or poor brightness occurs, a 
grayscale thereof deviates from a range between a 
grayscale of the previous frame and a grayscale of the 
current frame, so that the excessive or poor brightness is 
conspicuous for the user. As a result, such condition 
significantly deteriorates the display quality of the image 
display device. Particularly, in the case where the 
excessive brightness occurs, even though a period in 
which the excessive brightness occurs is extremely short, 
the excessive brightness is conspicuous for the user, so 
that the display quality is particularly deteriorated. 

[00111] On the other hand, as to each sub-pixel SPIX (i, j), 
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the previous frame grayscale correction circuit 37 
according to the present embodiment predicts a grayscale 
reached in the grayscale transition from the further 
previous frame to the previous frame in accordance with 
the uncorrected video data D00 (i, j, k-2) and the 
uncorrected video data D00 (i, j, k-1), and changes the 
video data Dl (i, j, k-1) of the previous frame FR (k-1) to a 
predicted value DOa (i, j, k-1). As a result, it is possible to 
prevent the occurrence of the excessive or poor brightness, 
thereby improving the display quality of the image display 
device 1. 

[00112] Further, the frame memory 31 stores the 
uncorrected video data Dl (i, j, k). Thus, unlike a display 
device 501a shown in Fig. 27, even when an error occurs 
in correction, the error is not stored with passage of time. 
Therefore, even when predictive computing accuracy is 
reduced while preventing the occurrence of the excessive 
or poor brightness, the reduction in the predictive 
computing accuracy does not cause divergent or 
oscillating pixel grayscale level control unlike the image 
display device 501a. As a result, it is possible to realize 
the image display device 1, having a circuit size smaller 
than the image display device 501a, which can prevent the 
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occurrence of the excessive or poor brightness. 

[00113] In more detail, as shown in Fig. 1, the previous 
frame grayscale correction circuit 37 according to the 
present embodiment includes an LUT (Look Up Table) 71. 
The LUT 71 stores reached grayscales respectively 
corresponding to combinations of the previous grayscale 
and the current grayscale. The foregoing "reached 
grayscales respectively corresponding to combinations of 
the previous grayscale and the current grayscale" means 
"grayscales each of which is reached at a time when the 
sub-pixel SPIX (i, j) is driven in accordance with the next 
video data in case where the video data of the combination 
is inputted to the modulation processing section 33". 
Further, in the present embodiment, in order to reduce a 
storage capacity required in the LUT 71, the reached 
grayscales stored in the LUT 71 does not correspond to a 
reached grayscale of all the combinations of the grayscales 
but is limited to predetermined combinations, and the 
previous frame grayscale correction circuit 37 includes a 
computing circuit 72. The computing circuit 72 
interpolates a reached grayscale corresponding to each 
combination stored in the LUT 71, and computes a 
reached grayscale corresponding to a combination of both 
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the video data D00 (i, j, k-2) and the video data DO (i, j, 
k-1), and outputs a predicted value DOa (i, j, k-1) as the 
computed result. 

[00114] Further, in the present embodiment, in order to 
reduce the storage capacity required in the frame memory 
31, the control circuit 32 reduces a data depth of the 
video data Dl (i, j, k) of the current frame FR (k). 
Thereafter, the control circuit 32 stores the data in the 
frame memory 31, and outputs thus stored data as the 
video data DO (i, j, k) of the previous frame FR (k) in the 
next frame FR (k+1). Further, the control circuit 32 
further reduces the data depth of the video data DO (i, j, 
k-1) of the previous frame FR (k-1), and then stores the 
data in the frame memory 31, and outputs thus stored 
data as the video data D00 (i, j, k-1) of the further 
previous FR (k-1) in the next frame FR (k+1). 

[00115] For example, in the present embodiment, the data 
depth of the video data D00 (i, j, k-2) of the further 
previous frame FR (k-2) and the data depth of the video 
data DO (i, j, k-1) of the previous frame FR (k-1) are set to 
be 4 bits and 6 bits. In this case, even when R, G, and B 
are respectively stored, merely 30 bits are required. Thus, 
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in case of using a general memory (a memory in which a 
width of a data bit is set to be 2 n ), although not only the 
video data DO (i, j, k) but also the video data D00 (i, j, 
k-2) of the further previous frame FR (k-2) is stored, it is 
possible to use a memory having the same storage 
capacity as in the case where the video data DO (i, j, k-1) 
of the previous frame FR (k-1) is stored. 

[00116] Further, in the present embodiment, as shown in 
Fig. 8, an area represented by the combination of the 
grayscales is divided into computing areas of 8 x 8, and 
the LUT 71 stores reached grayscales as to four corners 
(points of 9 x 9) of each computing area. Note that, in Fig. 
8 and Fig. 9, a vertical axis indicates a start grayscale 
(grayscale of the further previous frame), and a horizontal 
axis indicates an end grayscale (grayscale of the previous 
frame). As moving rightward and downward, the grayscale 
becomes larger. Further, for the convenience in 
description, each of Fig. 8, Fig. 9, and Fig. 12 described 
later shows a grayscale which has not been subjected to 
truncation, that is, a value (quadrupled value) obtained by 
extending the video data Dl (i, j, k) of 6 bits to 8 bits. 

[00117] Here, Fig. 9 shows an example of a value in case of 
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adopting a liquid crystal element which is in a 
vertical-alignment mode and a normally black mode. In 
the liquid crystal element, a response speed of the 
grayscale transition in "decay" is lower than that of the 
grayscale transition in "rise". Thus, even when the liquid 
crystal element is driven after performing modulation so 
that the grayscale transition is emphasized, a difference 
tends to occur between an actual grayscale transition and 
a desired grayscale transition in the grayscale transition 
from the further previous frame to the previous frame. 

[00118] Thus, an area al in which an actually reached 
grayscale is much larger than a grayscale (E) that should 
be reached is wider than an area a2 in which the reached 
grayscale is much smaller than the grayscale that should 
be reached. Note that, the areas al and a2 are different 
from each other in terms of the video data Dl (i, j, k) and 
the actual grayscale so that the difference is recognized by 
the user when the previous frame grayscale correction 
circuit 37 does not perform correction and the modulation 
processing section 33 corrects the video data Dl (i, j, k) of 
the current frame FR (k) in accordance with the video data 
Dl (i, j, k-1) of the previous frame FR (k-1). 
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[00119] Further, when a combination (S, E) of both the 
video data D00 (i, j, k-2) and DO (i, j, k-1) is inputted, the 
computing circuit 72 specifies which computing area the 
combination belongs to. 

[00120] Further, when an upper left corner, an upper right 
corner, a lower right corner, and a lower left corner are 
respectively regarded as A, B, C, and D, and a width of the 
computing area is regarded as Y x X, and a value obtained 
by normalizing a difference (1, 1) between a combination 
(SO, EO) positioned at the upper left corner and the 
aforementioned combination (S, E) is (Ay, Ax) = ((S-S0)/Y, 
(E-EO)/X), the computing circuit 72 reads out the 
respective reached grayscales A, B, and C from the LUT 71 
in case where Ax >= Ay, and computes DOa (i, j, k-1) in 
accordance with the following equation (1). 

DOa (i,j,k-l) = A + Ax ■ (B-A) + Ay • (C-B) — (1) 

[00121] Further, in case where Ax < Ay, the computing 
circuit 72 reads out the respective reached grayscales A, C, 
and D from the LUT 71, and computes DOa (i, j, k-1) in 
accordance with the following equation (2). 

DOa (i, j, k-1) = C + Ax • (C-D) + (1-Ay) • (D-A) — (2) 
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[00122] For example, in Fig. 8 and Fig. 9, when (S, E) is 
(144, 48), a computing area surrounded by (128, 32), (128, 
64), (160, 32) is specified, and the video data DOa (i, j, 
k-1) of the previous frame FR (k-1) after correction is 60. 
Thus, unlike the case where the modulation processing 
section 33 corrects the video data Dl (i, j, k) of the 
current frame FR (k) in accordance with the video data Dl 
(i, j, k-1) of the previous frame FR (k-1) = 48, the video 
data Dl (i, j, k) is corrected in accordance with the 
corrected video data DOa (i, j, k-1) = 60, so that it is 
possible to prevent the occurrence of the excessive 
brightness. 

[00123] Note that, the foregoing description explains the 
example where the data depth (bit width) of the reached 
grayscale stored in the LUT 71 is the same as a value (6 
bits) of the video data Dl (i, j, k). However, in case where 
it is required to reduce the storage capacity of the LUT 71, 
it is desired to set the data depth (bit width) of each 
reached grayscale stored in the LUT 71 so as to 
correspond to the data depth, not being large, which is 
selected from (i) the data depth of the video data D00 (i, j, 
k-2) of the further previous frame FR (k-2) and (ii) the 
data depth of the video data DO (i, j, k-1) of the previous 
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frame FR (k-1). 



[00124] Also in the arrangement, the data depth of the 
reached grayscale is set to have the same bit width of 
effective digits of computation using the further previous 
and previous video data, that is, so as to correspond to a 
smaller bit width. Thus, it is possible to reduce the 
storage capacity required in the LUT 71 while preventing 
deterioration of the computing accuracy. 



[Embodiment 2] 

[00125] As shown in Fig. 10, a modulated-drive processing 
section 21a according to the present embodiment includes 
an FRC (Frame Rate Control) circuit (least significant bit 
control means) 38 provided between (i) the truncation 
circuit 36 and (ii) the frame memory 31 and the 
modulation processing section 33. 

[00126] According to the video data D (i, j, k), the FRC 
circuit 38 varies a least significant bit of the video data, 
outputted by the truncation circuit 36, on the basis of a 
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predetermined pattern, and then outputs thus varied least 
significant bit as the video data Dl (i, j, k). The pattern is 
set so that a value of a bit truncated by the truncation 
circuit 36 corresponds to an average value of values 
constituting the pattern. For example, when the truncated 
value (2 bits) is "01", the value is 1/4 with respect to the 
least significant bit of the video data outputted by the 
truncation circuit 36, so that (0, 0, 0, 1) is for example set 
as a pattern corresponding to the foregoing pattern. 
Likewise, patterns of (0, 0, 0, 0), (1, 0, 1, 0), and (1, 1, 1, 
0) are set so as to respectively correspond to "00", "10", 
and "11". 

[00127] In the foregoing arrangement, due to the FRC 
circuit 38, the least significant bit of the video data Dl (i, 
j, k) varies on the basis of such a pattern that a value of a 
bit truncated by the truncation circuit 36 corresponds to 
an average value of values constituting the pattern. Thus, 
it is possible to make an average value of the luminance of 
the sub-pixel SPIX (i, j) correspond to the luminance 
indicated by video data before being truncated by the 
truncation circuit 36. 

[00128] Note that, in case where the response speed of the 
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sub-pixel SPIX (i, j) is so low that the sub-pixel SPIX (i, j) 
cannot vary the luminance in accordance with variation of 
the corrected video data D2 (i, j, k), an average value of 
the luminance of the sub-pixel SPIX (i, j) does not 
correspond to the foregoing desired value. However, in the 
modulated-drive processing section 21a according to the 
present embodiment, a bit varied by the FRC circuit 38 is 
a least significant bit of the video data Dl (i, j, k), and the 
modulation processing section 33 emphasizes the 
grayscale transition from the previous frame FR (k-1) to 
the current frame FR (k). Thus, the modulated-drive 
processing section 21a can set the average value of the 
luminance of the sub-pixel SPIX (i, j) to be the foregoing 
desired value without any trouble. 

[00129] Here, in case of the pixel array 2 in which an area 
occupied by each sub-pixel SPIX (i, j) is extremely small 
and spatial resolution and luminance resolution are set to 
be close to or over a limit of human visual sense, that is, 
in case of the pixel array 2 on the assumption that it is 
viewed at such distance that it is impossible to recognize 
each pixel, even when the noise adding circuit 34 adds a 
fixed noise of approximately 5 bits in a time-series 
manner, there is not possibility that the noise pattern is 
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recognized by the user of the image display device. 
Examples of such image display device include an XGA 
(extended Graphic Array) display of 15 inches and the like. 
In this case, a gap (fineness) between the sub-pixels SPIX 
(i, j) is set to be approximately 300|ini. 

[00130] However, in such arrangement that the fixed noise 
is added in a time-series manner when the spatial 
resolution and the luminance resolution of the pixel array 
2 do not exceed the aforementioned limit, there is a 
possibility that the noise pattern may be recognized by the 
user of the image display device 1 when an image 
displayed in the pixel array 2 is under a specific condition 
(for example, specific brightness or specific movement). 
Examples of such image display device include the VGA 
display of 15 inches and the like. 

[00131] On the other hand, in the modulated-drive 
processing section 21a according to the present 
embodiment, the FRC circuit 38 changes the least 
significant bit of the video data Dl (i, j, k). Thus, even in 
case of applying the modulated-drive processing section 
21a to such image display device, it is possible to prevent 
the noise pattern from being recognized by the user, so 
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that it is possible to improve the apparent display quality 
of the image display device la compared with the case 
where the fixed noise is added in a time-series manner. 

[Embodiment 3] 

[00132] Incidentally, Embodiments 1 and 2 explain the 
case where: the noise added to the video data D (i, j, *) by 
the noise adding circuit 34 is fixed in a time-series 
manner, and the noise of the same value is always added 
to the video data D (i, j, *) to the sub-pixel SPIX (i, j). On 
the other hand, the present embodiment will explain a 
case where the noise added to the video data D (i, j, *) by 
the noise adding circuit 34 is varied in a time-series 
manner. Note that, this arrangement can be applied to 
both the Embodiments 1 and 2. Hereinafter, the case 
where the arrangement is applied to Embodiment 1 is 
described with reference to Fig. 1. 

[00133] That is, in a modulated-drive processing section 
21b according to the present embodiment, instead of the 
noise generating circuit 35, there is provided a noise 
generating circuit 35b for generating a noise which varies 
in a time-series manner. In the noise adding circuit 35b 
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according to the present embodiment, a control circuit 
53b provided instead of the control circuit 53 changes a 
phase difference between a reset timing of the address 
counter 52 and first video data D (1, 1, k) of the frame FR 
(k) for each frame. 

[00134] For example, in the first frame FR (k), the control 
circuit 53b resets the address counter 52 at a time when 
the first video data D (1, 1, k) is applied, and noise data 
stored in a first address of the memory 51 is added to the 
first video data D (1, 1, k). While, in the next frame FR 
(k+1), the control circuit 53b sets the reset timing of the 
address counter 52 to be earlier by single video data, so 
that noise data stored in a second address of the memory 
51 is added to the first video data D (1, 1, k+1). 

[00135] In this manner, in the present embodiment, the 
noise adding circuit 34 varies the noise, added to the 
video data D (i, j, *), in a time-series manner. Here, as 
described above, in the case where the spatial resolution 
and the luminance resolution of the pixel array 2 are set 
to be close to or over a limit of human visual sense, even 
when the fixed noise is added in a time-series manner, 
there is no possibility that the noise pattern is recognized 
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by the user of the image display device 1. 

[00136] However, in the case where the spatial resolution 
and the luminance resolution of the pixel array 2 are far 
below the limit of human visual sense, and each sub-pixel 
SPIX (i, j) is recognized by the user of the image display 
device, when the fixed noise is added in a time-series 
manner as described above, the noise pattern is 
recognized by the user of the image display device. 
Examples of such image display device include a VGA 
display of 20 inches, an XGA display of 40 inches, and the 
like. 

[00137] On the other hand, in the modulated-drive 
processing section 21b according to the present 
embodiment, the noise added to the video data D (i, j, *) 
by the noise adding circuit 34 is varied in a time-series 
manner. Thus, even in the case where the modulated-drive 
processing section 21b is applied to such image display 
device, it is possible to prevent the noise pattern from 
being recognized by the user, so that it is possible to 
improve the apparent display quality of the image display 
device lb compared with the case where the fixed noise is 
added in a time-series manner. 
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[00138] Incidentally, in order to display a stable still image 
free from any flicker and noise, the modulated-drive 
processing section 33 according to the respective 
embodiments does not emphasize the grayscale transition 
and outputs the video data Dl (i, j, k) of the current frame 
FR (k) without any modification when a difference between 
the video data DOa (i, j, k-1) of the previous frame FR 
(k-1) and the video data Dl (i, j, k) of the current frame 
FR (k) is smaller than a predetermined threshold value. 

[00139] In this case, the threshold value is set so as to 
correspond to a variation width at which the noise varies 
in a time-series manner. In more detail, the threshold 
value is as large as or larger than the variation width at 
which the noise varies in a time-series manner, and is set 
to be such a small value that insufficient grayscale 
transition due to the insufficient response speed of the 
sub-pixel SPIX (i, j) is not recognized even when the 
grayscale transition is not emphasized. For example, in 
case of the foregoing values, that is, in case where the 
video data D (i, j, k) is 8 bits, and a volume of the noise is 
±5 bits, and the truncation circuit 36 truncates 2 bits, the 
threshold value is set to be 8 grayscales (= 2< 5 - 2 )). 
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[00140] In this manner, the threshold value is set to be a 
value which is as large as or larger than the variation 
width at which the noise varies in a time-series manner. 
Thus, in the case where a still image is displayed, even 
when the noise causes the video data Dl (i, j, k) to so vary 
that the grayscale transition occurs, the modulation 
processing section 33 does not emphasize the grayscale 
transition and outputs the video data Dl (i, j, k) of the 
current frame FR (k) without any modification. In this 
manner, in the case of the grayscale transition which can 
be brought about merely by adding the noise data, the 
modulation processing section 33 according to 
Embodiment 3 does not emphasize the grayscale 
transition, and the modulation processing section 33 
obtained by adding the FRC circuit 38 to the arrangement 
of Embodiment 3 does not emphasize the grayscale 
transition in case of the grayscale transition which can be 
brought about merely by adding the noise data and 
causing the FRC circuit 38 to change the least significant 
bit. Thus, the grayscale transition caused by the noise is 
not emphasized, so that it is possible to prevent such 
disadvantage that: due to the grayscale transition caused 
by the noise, the noise pattern is recognized by the user. 
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[00141] Further, in the case where the noise added to the 
video data D (i, j, *) by the noise adding circuit 34 is 
varied in a time-series manner like the present 
embodiment, that is, in the case where it is assumed that 
an image is viewed at a distance shorter than that of 
Embodiment 1 (at such a distance that each sub-pixel 
SPIX (i, j) is recognized by the user of the image display 
device), it is more desirable to set a maximum value of an 
absolute value of the noise data generated by the noise 
generating circuit 35 to be not more than 8 grayscales. 

[Embodiment 4] 

[00142] The foregoing description explains the example 
where the maximum value of the noise data generated by 
the noise generating circuit is constant. However, the 
present embodiment will explain an arrangement in which 
the maximum value of the noise data is varied in 
accordance with a grayscale indicated by the video data D 
(i, j, k) inputted to the input terminal Tl. Note that, this 
arrangement can be applied to each of Embodiments 1 to 
3. Hereinafter, a case where the foregoing arrangement is 
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applied to Embodiment 1 will be described with reference 
to Fig. 11. 

[00143] That is, in a modulated-drive processing section 
21c according to the present embodiment, instead of the 
noise generating circuit 35 shown in Fig. 1, there is 
provided a noise generating circuit 35c which can change 
the volume of the outputted noise data. Further, there is 
provided a grayscale determination section (providing 
non-limiting exemplary support for the noise amount 
control means) 39 for detecting a display grayscale level of 
the video data D (i, j, k) and instructing the noise 
generating circuit 35c to output a noise whose volume 
corresponds to the detection result. 

[00144] The grayscale determining section 39 averages the 
video data D supplied to the sub-pixel SPIX contained in a 
block, such as an MPEG (Moving Picture Expert Group) 
block, which has a predetermined size. In case where thus 
obtained average value is large, the grayscale determining 
section 39 gives instruction to output a noise whose 
maximum value is larger than that in the case where the 
average value is small. For example, the grayscale 
determining section 39 gives instruction to output a noise 
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having larger value in proportion to the average value. 

[00145] While, the noise generating circuit 35c includes a 
multiplication circuit 54 for multiplying a value, indicated 
by the grayscale determining section 39, by an output of 
the memory 51, so as to output thus multiplied value. The 
multiplication circuit 54 changes the maximum value of 
the noise data outputted by the noise generating circuit 
35c so that the maximum value corresponds to the 
indicated value. 

[00146] In the foregoing arrangement, the maximum value 
of the noise is set to be large in the case where the 
average value of the video data D in the block is large, 
that is, in the case where: the noise pattern is hardly 
recognized by the user even when the volume of the noise 
is made large, because a relative volume of the noise is 
smaller than when the average value is small. On the 
other hand, the maximum value of the noise is set to be 
small in the case where the average value of the video 
data D is high, that is, in the case where: the noise 
pattern may be recognized by the user unless the volume 
of the noise is made smaller, because the relative volume 
of the noise is larger than when the average value is large. 
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As a result, no matter what the average value of the 
luminance of the block may be, it is possible to set the 
maximum value of the noise to be a value suitable for the 
average value, so that it is possible to realize the image 
display device whose display quality is higher than that in 
the case where the maximum value of the noise is fixed. 

[00147] Note that, the foregoing description explains the 
example where a block for computing the average value 
corresponds to the MPEG block, but the arrangement is 
not limited to this. It may be so arranged that an average 
value of a block having an arbitrary size is set. However, 
in case of displaying an image which has been encoded for 
each block like an MPEG image, it is desirable to set the 
average value so that a block size for encoding is 
substantially the same as a block size for detecting the 
average value. 

[00148] Note that, the foregoing description explains the 
example where the video data D of all the sub-pixels SPIX 
contained in the block are averaged, but the arrangement 
is not limited to this. As long as it is so arranged as to 
average the video data D supplied to a predetermined 
number of sub-pixels SPIX in the block, for example, the 
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sub-pixels (i, j) corresponding to a certain scanning signal 
line GL in the block, it is possible to prevent the following 
disadvantage. That is, it is possible to prevent such a 
disadvantage that: when the sub-pixel SPIX (i, j) whose 
indicated grayscale is largely different from peripheral 
grayscales exists in the block, the maximum value of the 
noise is set to be an inappropriate value in accordance 
with the video data D (i, j, k) to the sub-pixel SPIX (i, j). 

[Embodiment 5] 

[00149] Incidentally, the foregoing description explains the 
example where the previous frame grayscale correction 
circuit 37 always corrects the previous frame video signal 
DATO. On the other hand, in a modulated-drive processing 
section 2 Id according to the present embodiment, in case 
where a difference (absolute value) between a predicted 
value DOa (i, j, k-1) obtained by the previous frame 
grayscale correction circuit 37 and the video data DO (i, j, 
k-1) of the previous frame FR (k-1) is not less than a 
predetermined threshold value, the previous frame 
grayscale correction circuit 37d outputs the predicted 
value DOa (i, j, k-1). Further, in the other case, the 
previous frame grayscale correction circuit 37d outputs 
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the previous frame video signal DATO without any 
modification. Note that, also this arrangement can be 
applied to all the respective embodiments described above. 
Hereinafter, a case where the arrangement is applied to 
Embodiment 1 will be described with reference to Fig. 1. 

[00150] That is, in the present embodiment, as an example 
where a grayscale of each video data Dl (i, j, k) is 6 bits, 
the foregoing threshold value is set to be approximately 2 
grayscales. Note that, accuracy in prediction drops due to 
various factors such as a quantization noise. Thus, the 
foregoing threshold value may be set to be approximately 
2 to 4 grayscales according to these factors. 

[00151] Here, in case where a difference between the 
predicted value and a target value (DO (i, j, k-1)) is small, 
a grayscale of the sub-pixel SPIX (i, j) approaches a 
grayscale indicated by the video data DO (i, j, k-1) in the 
previous frame FR (k-1) compared with a case where the 
foregoing difference is large. Thus, even when the previous 
frame grayscale correction circuit 37d does not perform 
correction, and the modulation processing section 33 
corrects the video data Dl (i, j, k) of the current frame FR 
in accordance with the video data DO (i, j, k-1), there is 
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little possibility that the excessive or poor brightness 
occurs. Even when the excessive or poor brightness occurs, 
the occurrence is slight. 

[00152] Further, in the case where the difference between 
the predicted value and the target value is small, a 
relative error in the prediction is relatively larger than 
that in the case where the difference is large. Thus, when 
the grayscale transition is emphasized by the modulation 
processing section 33, variation of the grayscale that is 
caused by the error in the prediction tends to be 
recognized by the user. 

[00153] On the other hand, in the case where the 
difference between the predicted value and the target 
value (DO (i, j, k-1)) is large, the excessive or poor 
brightness tends to occur unless the previous frame video 
signal DATO is corrected. Further, the relative error in the 
prediction is small, so that the variation of the grayscale 
that is caused by the error in the prediction is hardly 
recognized by the user. 

[00154] In the present embodiment, in case where the 
difference between the predicted value and the target 
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value (DO (i, j, k-1)) is smaller than the threshold value, 
that is, in case where the excessive or poor brightness 
hardly occur unless the previous frame video signal DATO 
is corrected and the error in the prediction tends to 
deteriorate the display quality when the previous frame 
video signal DATO is corrected, the previous frame 
grayscale correction circuit 37d does not correct the 
previous frame video signal DATO. Merely in case where 
the excessive or poor brightness occurs unless the 
previous frame video signal DATO is corrected, the 
previous frame grayscale correction circuit 37d corrects 
the previous frame video signal DATO. As a result, it is 
possible to prevent occurrence of the excessive or poor 
brightness while suppressing deterioration of the display 
quality that is caused by the error in the prediction. 

[Embodiment 6] 

[00155] Embodiment 5 describes such arrangement that 
whether the previous frame grayscale correction circuit 
37d needs to perform the correction or not is determined 
in accordance with the difference between the predicted 
value and the target value. The present embodiment will 
describe such arrangement that: information indicative of 
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whether or not it is necessary to perform the correction is 
written in the LUT in advance, and the previous frame 
grayscale correction circuit determines whether or not it 
is necessary to perform the correction with reference to 
the information. Note that, also this arrangement can be 
applied to the respective embodiments, but the following 
description will explain a case where the arrangement is 
applied to Embodiment 1. 

[00156] That is, an LUT 71e according to the present 
embodiment is arranged as follows. As shown in Fig. 12, 
the same values as in Fig. 9 are stored in areas al and a2, 
that is, areas which are so different from each other in 
terms of the video data Dl (i, j, k) and the actual 
grayscale that the difference is recognized by the user 
when the previous frame grayscale correction circuit 37 
does not perform correction and the modulation 
processing section 33 corrects the video data Dl (i, j, k) of 
the current frame FR (k) in accordance with the video data 
Dl (i, j, k-1) of the previous frame FR (k-1). However, 
other area a3 stores the target value (E) itself. 

[00157] While, when a combination (S, E) of both the video 
data D00 (i, j, k-2) and DO (i, j, k-1) is inputted, and 
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which computing area the combination belongs to is 
specified, a computing circuit 72e according to the 
present embodiment reads out a predetermined reached 
grayscale out of the reached grayscales A to D positioned 
at four corners of the computing area. It further 
determines whether or not the foregoing reached grayscale 
corresponds to a grayscale of a boundary of the computing 
area. This is done to determine whether the target value 
is recorded or not as the reached grayscale, that is, 
whether the combination (S, E) belongs to the area a3 or 
not. Further, when it is determined that the combination 
(S, E) belongs to the area a3, the computing circuit 72e 
does not correct the previous frame video signal DATO. 
The computing circuit 72e corrects the previous frame 
video signal DATO merely when it is determined that the 
combination (S, E) belongs to the areas al and a2. 

[00158] Thus, as in Embodiment 5, in case where the 
excessive or poor brightness do not occur and 
deterioration of the display quality that is caused by the 
error in the prediction is anticipated, the previous frame 
video signal DATO is not corrected. Merely when the white 
the excessive or poor brightness occurs, it is possible to 
correct the previous frame video signal DATO. 
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[Embodiment 7] 

[00159] The present embodiment will describe an 
arrangement for changing a correction process, performed 
by the previous frame grayscale correction circuit, in 
accordance with temperature. Note that, this arrangement 
can be applied to each of Embodiments 1 to 6, but the 
following description will explain a case where the 
arrangement is applied to Embodiment 6. 

[00160] That is, as shown in Fig. 13, a modulated-drive 
processing section 2 If according to the present 
embodiment includes not only the arrangement of 
Embodiment 6 but also a temperature sensor 40 for 
detecting temperature of the sub-pixel SPIX. When a 
combination of the video data D00 of a certain further 
previous frame and the video data DO of the previous 
frame is inputted, a previous frame grayscale correction 
circuit 37f determines whether it is necessary to correct 
the video data DO or not and changes the corrected video 
data DOa in accordance with temperature detected by the 
temperature sensor 40. 
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[00161] Specifically, the previous frame grayscale 
correction circuit 37f according to the present 
embodiment includes a plurality of LUTs 7 If respectively 
corresponding to predetermined temperature ranges. Each 
of the LUTs 7 If stores reached values in a corresponding 
temperature range as in the LUT 71. 

[00162] While, the computing circuit 72f of the previous 
frame grayscale correction circuit 37f selects the LUT 7 If, 
which is referred to in performing interpolation 
computation, from the LUTs 7 If in accordance with 
temperature information sent from the temperature sensor 
40. 

[00163] Here, in case where a liquid crystal element is 
adopted as the sub-pixel SPIX for example, a response 
speed of the liquid crystal element varies according to 
temperature. In this manner, in the case where the 
sub-pixel SPIX whose response speed varies according to 
temperature is adopted, temperature influences a 
condition of whether or not correction of the video data Dl 
that is performed by the modulation processing section 33 
causes the excessive or poor brightness when the previous 
frame grayscale correction circuit 37f does not perform 
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any correction. 

[00164] However, in the foregoing arrangement, even when 
the response speed of the sub-pixel SPIX is so varied by 
temperature that a correction operation required in 
preventing occurrence of the excessive or poor brightness 
is changed, the previous frame grayscale correction circuit 
37f can correct the previous frame video signal DATO in 
accordance with temperature of the current sub-pixel 
SPIX, so that it is possible to prevent occurrence of the 
excessive or poor brightness regardless of temperature. 

[00165] Further, when temperature rises to be in a 
predetermined temperature range, the previous frame 
grayscale correction circuit 37f according to the present 
embodiment stops correcting the previous frame video 
signal DATO. Thus, when temperature so rises that the 
sub-pixel SPIX (i, j) can respond at a sufficient speed 
which prevents occurrence of the excessive or poor 
brightness, the modulation processing section 33 corrects 
the video signal DAT of the current frame, in accordance 
with the uncorrected previous frame video signal DATO 
and the video signal DAT of the current frame, so as to 
emphasize the grayscale transition from the previous 
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frame to the current frame. 

[00166] As a result, it is possible to prevent the drop of the 
response speed of the image display device 1 without 
bringing about the following phenomenon: the grayscale 
transition is suppressed by the previous frame grayscale 
correction circuit 37f regardless of a condition of 
temperature which does not bring about the excessive or 
poor brightness caused by insufficient response. 

[00167] Note that, the foregoing description explains the 
example where the LUT 7 If is switched. However, the 
reached value monotonously varies with respect to 
variation of temperature, so that it may be so arranged 
that: the computing circuit 72f reads out reached values 
from two LUTs 7 If indicative of temperatures closest to 
the current temperature so as to interpolate both the 
temperatures, thereby computing a reached value of the 
current temperature. In this arrangement, even when 
there are few LUTs 7 If, it is possible to prevent 
occurrence of the excessive or poor brightness with high 
accuracy. 

[Embodiment 8] 
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[00168] The present embodiment will describe an 
arrangement in which a bit width of the video data D00 (i, 
j, k-2) of the further previous frame that is stored in the 
frame memory 31 and a bit width of the video data DO (i, j, 
k-1) of the previous frame that is stored in the frame 
memory 31 are varied in accordance with temperature. 
Note that, the arrangement can be applied to each of 
Embodiments 1 to 7, but the following description will 
explain a case where the arrangement is applied to 
Embodiment 7. 

[00169] That is, in a modulated-drive processing section 
21g according to the present embodiment, as shown in Fig. 
13, the bit width of the video data D00 (i, j, k-2) of the 
further previous frame that is stored in the frame memory 
31 and the bit width of the video data DO (i, j, k-1) of the 
previous frame that is stored in the frame memory 31 are 
varied in accordance with temperature, and the bit width 
of the video data D00 (i, j, k-2) of the further previous 
frame is enlarged as it corresponds to a lower temperature 
range, and the bit width of the video data DO (i, j, k-1) of 
the previous frame is reduced with the reduction 
corresponding to the increment of that bit width. Note 
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that, the control circuit 32g and a control circuit 32i 
described later, provide one form of non-limiting support 
for the bit width control means. 

[00170] Here, in order to reduce the storage capacity of the 
frame memory 31, a total of the bit widths of both the 
video data D00 (i, j, k-2) and DO (i, j, k-1) stores in the 
frame memory 31 is limited to a predetermined bit width 
(for example, 10 bits), and the bit widths of the video data 
D00 (i, j, k-2) and DO (i, j, k-1) are set so as to most 
exactly correct the video data DO (i, j, k-1) of the previous 
frame. While, a grayscale reached by the sub-pixel SPIX (i, 
j) is more susceptible to the video data of the further 
previous frame due to the grayscale transition from the 
further previous frame to the previous frame as the 
response speed of the sub-pixel SPIX (i, j) is lower. Thus, 
when temperature varies, also the most appropriate 
allocation of the bit widths of the video data D00 (i, j, k-2) 
and DO (i, j, k-1) varies. 

[00171] When the response speed of the sub-pixel SPIX is 
so varied by temperature that the most appropriate 
allocation of the bit widths varies, a previous frame 
grayscale correction circuit 37g according to the present 
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embodiment changes the allocation of the bit widths of 
both the video data D00 (i, j, k-2) and DO (i, j, k-1) in 
accordance with temperature of the current sub-pixel 
SPIX, thereby enlarging the bit width of the video data 
D00 (i, j, k-2) of the further previous frame as it goes into 
a lower temperature range. As a result, it is possible to 
keep the allocation of the bit widths in an appropriate 
condition regardless of the temperature variation, so that 
it is possible to correct the video data DO (i, j, k-1) with 
high accuracy. Thus, it is possible to more exactly prevent 
occurrence of the excessive or poor brightness. 

[00172] For example, when the total of the bit widths of the 
video data of the further previous frame and the previous 
frame is 10 bits as exemplified by the foregoing values, 
the bit width of the video data D00 (i, j, k-2) of the further 
previous frame is set to 4 bits in an ordinary temperature 
range, and the bit width is set to 5 bits at temperature 
lower than the ordinary temperature range. 

[Embodiment 9] 

[00173] Incidentally, each of the aforementioned 
embodiments explains the example where reached values 
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are stored in the LUTs 71 (71e ■ 7 If), but the arrangement 
is not limited to this. As described above, occurrence of 
the excessive brightness tends to deteriorate the display 
quality, it may be so arranged that: a grayscale indicative 
of a value larger than a reached value is written in the 
LUT 71 so as to surely prevent the occurrence of the 
excessive brightness, and the previous frame grayscale 
correction circuit 37 (37 to 37f) corrects the grayscale to 
be larger than the reached value when it is necessary to 
correct the previous frame video data DATO. 

[00174] In this arrangement, it is possible to further 
suppress emphasis of the grayscale transition from the 
further previous frame to the previous frame compared 
with the case where the reached value is written, so that 
it is possible to prevent occurrence of the excessive 
brightness without fail. 

[00175] Further, the correction process performed by the 
previous frame grayscale correction circuit may be 
changed in accordance with a type of the image. Note that, 
this arrangement can be applied to each of Embodiments 
1 to 8, but the following description will explain a case 
where the foregoing arrangement is applied to 
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Embodiment 6. 

[00176] Specifically, in addition to the arrangement of 
Embodiment 6, a modulated-drive processing section 21h 
according to the present embodiment includes a 
determination circuit 41 for determining a type of image 
as shown in Fig. 14, and a previous frame grayscale 
correction circuit 37h changes (i) whether or not to correct 
the video data DO and (ii) corrected video data DOa, in 
accordance with the determination result given by the 
determination circuit 41, in case where a combination of 
the video data D00 of a certain further previous frame and 
the video data DO of the previous frame is inputted. 

[00177] Specifically, the previous frame grayscale 
correction circuit 37h according to the present 
embodiment includes a plurality of LUTs 71h respectively 
corresponding to predetermined temperature ranges. As in 
the LUT 71, reached values corresponding to types of 
images are stored in each of the LUTs 71h. While, a 
computing circuit 72h of the previous frame grayscale 
correction circuit 37h selects an LUT 71h, which should 
be referred to in interpolation computation, from the LUTs 
71h, in accordance with information provided from the 
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determination circuit 41. 

[00178] Here, in case where the previous frame grayscale 
correction circuit 37h corrects the grayscale so that its 
value is larger than the reached value when it is necessary 
to correct the previous frame video signal DATO as 
described above, when a corrected value is set to be much 
larger than the reached value, it is possible to prevent 
occurrence of the excessive brightness without fail but the 
response speed drops. Thus, a difference between the 
corrected value and the reached value is set so as to 
suppress the occurrence of the excessive brightness while 
preventing the response speed from significantly dropping. 
However, an appropriate value as the foregoing difference 
varies due to a type of an image. Thus, in case where the 
difference is fixed, when many types of images are 
inputted, it is difficult to set appropriate values with 
respect to all the types of images. 

[00179] On the other hand, in the modulated-drive 
processing section 21h according to the present 
embodiment, the difference between the corrected value 
and the reached value is changed in accordance with 
types of images. Thus, no matter what type of images, i.e., 
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a fast-moving image or a slow-moving image, may be 
inputted, it is possible to suppress the occurrence of the 
excessive brightness while preventing the response speed 
from significantly dropping. 

[00180] Further, in case where the type of the image is a 
slow-moving image, and it is anticipated that insufficient 
response will not bring about the excessive or poor 
brightness even when the previous frame grayscale 
correction circuit 37h does not correct the previous frame 
video signal DATO, the previous frame grayscale correction 
circuit 37h according to the present embodiment stops 
correcting the previous frame video signal DATO. As a 
result, it is possible to prevent the response speed of the 
image display device 1 from dropping without bringing 
about the following phenomenon: although an image is 
displayed while preventing occurrence of the excessive or 
poor brightness caused by slow movement and insufficient 
response, the grayscale transition is suppressed by the 
previous frame grayscale correction circuit 37h. 

[Embodiment 10] 

[00181] The present embodiment will describe an 
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arrangement in which a bit width of the video data D00 (i, 
j, k-2) of the further previous frame that is stored in the 
frame memory 31 and a bit width of the video data DO (i, j, 
k-1) of the previous frame that is stored in the frame 
memory 31 are varied in accordance with types of images. 
Note that, this arrangement can be applied to each of 
Embodiments 1 to 9, but the following description will 
explain a case where the foregoing arrangement is applied 
to Embodiment 7. 

[00182] That is, in a modulated-drive processing section 
21i according to the present embodiment, as shown in Fig. 
14, a control circuit 32i varies the bit width of the video 
data D00 (i, j, k-2) of the further previous frame that is 
stored in the frame memory 31 and the bit width of the 
video data DO (i, j, k-1) of the previous frame that is 
stored in the frame memory 31 in accordance with a 
detection result given by the determination circuit 41. In 
case where the type of the image is a faster-moving image, 
the bit width of the video data D00 (i, j, k-2) of the further 
previous frame is enlarged, and the bit width of the video 
data DO (i,j,k-l) of the previous frame is reduced with the 
reduction corresponding to an increment of that bit width. 
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[00183] Here, in order to reduce the storage capacity of the 
frame memory 31, a total of the bit widths of both the 
video data D00 (i, j, k-2) and DO (i, j, k-1) stored in the 
frame memory 31 is limited to a predetermined bit width 
(for example, 10 bits), and the bit widths of the video data 
D00 (i, j, k-2) and DO (i, j, k-1) are set so as to most 
exactly correct the video data DO (i, j, k-1) of the previous 
frame. While, a grayscale reached by the sub-pixel SPIX (i, 
j) is more susceptible to the video data of the further 
previous frame due to the grayscale transition from the 
further previous frame to the previous frame in case where 
a faster-moving image is inputted. Thus, when the type of 
the image varies and a predicted speed of movement varies, 
also the most appropriate allocation of the bit widths of 
the video data D00 (i, j, k-2) and DO (i, j, k-1) varies. 

[00184] When the response speed of the sub-pixel SPIX is 
so varied by the variation of the type of the image that the 
most appropriate allocation of the bit widths varies, the 
previous frame grayscale correction circuit 37i according 
to the present embodiment changes the allocation of the 
bit widths of both the video data D00 (i, j, k-2) and DO (i, j, 
k-1) in accordance with the type of the current image, 
thereby enlarging the bit width of the video data D00 (i, j, 
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k-2) of the further previous frame when the type of the 
image is a faster-moving image. As a result, it is possible 
to keep the allocation of the bit widths in an appropriate 
condition regardless of the type of the image, so that it is 
possible to correct the video data DO (i, j, k-1) with higher 
accuracy. Thus, it is possible to more exactly prevent 
occurrence of the excessive or poor brightness. 

[Embodiment 11] 

[00185] Each of the following embodiments will describe an 
arrangement in which it is possible to improve the 
response speed of the pixel even in case of grayscale 
transition to a minimum grayscale. 

[00186] In more detail, as shown in Fig. 15, a 
modulated-drive processing section 21j according to the 
present embodiment includes: as a circuit for R, a frame 
memory (one non-limiting example supporting the storage 
means) 131 for storing video data, supplied to the 
sub-pixel SPIX of R, which corresponds to one frame, until 
the next frame; a memory control circuit 132 for writing 
video data of the current frame FR (k) in the memory 
frame 131 and reading out video data DO (i, j, k-1) of the 
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previous frame FR (k-1) from the frame memory 131, so as 
to output the video data DO (i, j, k-1) as a previous frame 
video signal DATO; and a modulation processing section 
(one non-limiting example supporting the correction 
means) 133 for correcting the video data of the current 
frame FR (k) so as to emphasize the grayscale transition 
from the current frame to the previous frame, and 
outputting the corrected video data D2 (i, j, k) as a 
corrected video signal DAT2. 

[00187] Further, a pixel array 2j (see Fig. 2) according to 
the present embodiment is set so as to have a y property 
larger than y of the video data D, supplied to the sub-pixel 
SPIX, which is inputted to the input terminal Tl, and the 
modulated-drive processing section 21j includes a BDE 
(Bit-Depth Extension) circuit which has: a y conversion 
circuit 141 for performing y conversion with respect to the 
video data D, supplied to the sub-pixel SPIX, which is 
inputted to the input terminal Tl, so as to convert the 
video data D into video data Da for displaying an image in 
a display device having a larger y property; a grayscale 
conversion circuit 142 for compressing a possible value 
range, in which the video data Da is indicated, so as to 
generate video data Db which has the same bit width as 
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that of the video data Da, and can represent a value lower 
than a black level of the video data Da, and can represent 
a value higher than a white level of the video data Da; a 
noise adding circuit 143 for adding a noise generated by a 
noise generating circuit (one non-limiting example 
supporting the noise generating means) 144 to the video 
data Db, so as to output the video data Db; and a 
truncation circuit 145 for truncating a less significant bit 
of video data outputted from the noise adding circuit 143 
so as to reduce the bit width of the video data. 

[00188] The video data Dl (i, j, k) outputted from the 
truncation circuit 145 is inputted to the modulation 
processing section 133 and the memory control circuit 
132 as video data of the current frame FR (k). Note that, 
the y conversion circuit 141 and the grayscale conversion 
circuit 142 correspond to one non-limiting example 
supporting the tone conversion means, and the noise 
adding circuit 143 and the truncation circuit 145 
correspond to one non-limiting example supporting the 
noise adding means. Further, in the present embodiment, 
the sub-pixels SPIX (1, j), (4, j) ••• display R, so that video 
data D (1, j, k), D (4, j, k) ■•• are inputted to the input 
terminal Tl . 
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[00189] In the present embodiment, the video data D for 
displaying an image in a display device having a property 
of y = 2.2 is inputted to the input terminal Tl as a general 
video signal, and the y property of the pixel array 2j is set 
so that y = 2.8. Further, the y conversion circuit 141 
generates the video data Da having the same property as 
the y property of the pixel array 2j, that is, the video data 
Da for displaying an image in a display device having a 
property of y = 2.8. Further, the y conversion circuit 141 
according to the present embodiment converts the video 
data D into the video data Da having a wider bit width in 
order to suppress occurrence of an error caused by the y 
conversion. For example, a video signal of 8 bits is 
inputted to the input terminal Tl as a general video signal 
so as to correspond to each color, and the y conversion 
circuit 141 converts the video data D of 8 bits into the 
video data Da of 10 bits. 

[00190] Further, as shown in Fig. 16, the grayscale 
conversion circuit 142 compresses a possible value range 
Al, in which the video data Da is indicated, so as to 
convert the value range Al into a value range A2 narrower 
than the value range Al. Further, when the video data Db 
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can represent grayscales L10 to L13, the value range A2, 
that is, a range from a grayscale LI 1 to a grayscale L12 is 
so set that: L10 < Lll, and L12 < L13. In the present 
embodiment, each of the video data Da and Db is 10 bits, 
and LI = L10 = 0, and L2 = L13 = 1023, and the foregoing 
Lll and L12 are set to 79 and 1013 for example. Note that, 
in the video data Da, a smallest grayscale (LI) indicates 
black, and a largest grayscale (L2) indicates white. 

[00191] While, the noise generating circuit 144 outputs 
such a random noise that a pseudo outline does not occur 
in an image displayed in the pixel array 2j, and an average 
value of thus outputted random noise is 0. Further, when 
a maximum value of noise data is too large, there is a 
possibility that a noise pattern may be recognized by a 
user of an image display device lj, so that a maximum 
value of the noise is set so that the noise pattern is not 
recognized. 

[00192] In the present embodiment, the video data Db (i, j, 
k), supplied to the sub-pixel SPIX (i, j), which is inputted 
to the noise adding circuit 143, is represented by 10 bits, 
and the volume of the noise data is set to be within ±7 
bits. Note that, the noise generating circuit 144 is 
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arranged in the same manner as the noise generating 
circuit 35 according to Embodiment 1 except for the 
volume of the generated noise. 

[00193] Further, the truncation circuit 145 truncates less 
significant 2 bits from the video data of 10 bits that is 
outputted from the noise generating circuit 144, and 
outputs the video data as video data Dl (i, j, k) of 8 bits. 
Accordingly, in the frame memory 131, a storage area for 
storing the video data Dl (i, j, k) of the current frame FR 
(k) is set so that single video data Dl (i, j, k) corresponds 
to 8 bits. 

[00194] Thus, it is possible to reduce the number of bits of 
the video data processed by circuits positioned after the 
truncation circuit 145 so that there is no apparent 
difference from the case of displaying an image based on 
the video data D before truncating, while preventing the 
noise pattern and the pseudo outline from occurring in an 
image displayed in the pixel array 2j. 

[00195] Here, the added noise is recognized by the user of 
the image display device lj in terms of (i) how largely an 
observed grayscale is different from a grayscale of 
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peripheral pixels (regulation) and (ii) how largely the 
luminance of the observed grayscale is different from 
target luminance (error). Generally, it is known that: in a 
field of visualization based on lOOppi like the image 
display device 1, an allowable limit of the error is 
approximately 5% with respect to white luminance, and an 
allowable limit of the regulation is approximately 5% with 
respect to the display grayscale. 

[00196] When the grayscale of the sub-pixel SPIX is 
increased by X grayscale, computation is performed with 
respect to how the transmittance of the pixel increases 
with respect to the peripheral luminance (transmittance 
before increasing the grayscale) in terms of percent. As a 
result of the computation, in case where the y property of 
the pixel array 2j is y = 2.8 and the video data Db is 
represented by 10 bits, when x is 32 to 48 grayscales, the 
regulation of almost all the grayscales is within the 
foregoing allowable limit. Likewise, when the display 
grayscale of the pixel is increased by X grayscale, 
computation is performed with respect to how the 
transmittance of the pixel increases with respect to an 
original transmittance (transmittance before increasing 
the grayscale) in terms of percent. As a result of the 
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computation, in case where the y property of the pixel 
array 2j is y = 2.8 and the video data Db is represented by 
10 bits, when x is 32 to 48 grayscales, the regulation of 
almost all the grayscales is within the foregoing allowable 
limit. As a result, in case of the noise of 32 to 48 
grayscales, almost all the grayscales are below the 
allowable limit, so that it is possible to prevent the user 
from feeling deterioration of the apparent display quality. 

[00197] Thus, on the assumption that the user views an 
image at such a distance that it is impossible to recognize 
each pixel, it is preferable to set, in a range of from 2 to 3 
pixels (6 to 9 sub-pixels), the regulation and the error so 
as not to exceed 5%. Here, when the noise data is 
indicated by substantially normal distribution, 32 to 48 
[grayscales] x 6^/*) to 9^/ 2 J = 80 to 144 [grayscales]. Thus, 
even when a fixed noise of 7 bits is added in a time series 
manner, that is, a fixed noise is added in a time-series 
manner so that its bit width is smaller than that of the 
video data Db by approximately 3 bits, there is no 
possibility that the noise pattern may be recognized by the 
user of the image display device. 

[00198] Here, it is general that: even when the pixel size is 
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larger, a distance at which the user views an image does 
not increase in proportion to the pixel size. Thus, as the 
pixel size is larger, the allowable level of the noise data is 
lower. Therefore, in a value range of 1 to 144 grayscales 
(within 7 bits), a value range preferably used in many 
image display devices 1 as a maximum value of an 
absolute value of the noise data is 48 to 80 grayscales. It 
is more preferable to set the value to be 63 grayscales (6 
bits). 

[00199] In this arrangement, the video data Dl (i, j, k) of 
the current frame FR (k) is corrected so that the 
modulation processing section 133 emphasizes the 
grayscale transition from the previous frame FR (k-1) to 
the current frame FR (k), so that it is possible to improve 
the response speed of the sub-pixel SPIX. 

[00200] Besides, in the foregoing arrangement, the pixel 
array 2j is set so as to have a y property larger than that 
of the video data D inputted to the input terminal Tl, and 
the video data D inputted to the input terminal Tl is 
converted into video data Da having a larger y property by 
the y conversion circuit 141. Further, the grayscale 
conversion circuit 142 converts the vide data Da into 
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video data Db which enables a grayscale to be displayed 
on the basis of a value lower than that of a black level of 
the video data Da. Thereafter, the modulation processing 
section 133 emphasizes the grayscale transition from the 
previous frame to the current frame. 

[00201] In the arrangement, as shown in Fig. 17, due to 
the y conversion, grayscales displayed by the sub-pixels 
SPIX are more liable to be blackened. Further, due to the 
grayscale conversion, predetermined grayscales thereof 
(grayscales L10 to Lll shown in Fig. 16) are allocated as 
grayscales whose levels are lower than the black level of 
the video data D. 

[00202] In other words, in the present embodiment, the y 
property at least in the display grayscale area is set to be 
larger than the y property of the inputted video data. 
Further, in the present embodiment, it is more preferable 
to set the y property to be larger also in an area for 
emphasizing the transition of low grayscales. 

[00203] Thus, the modulation processing section 133 can 
use the grayscales L10 to Lll, whose levels are lower than 
the black level in the case where the grayscale transition 
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is not emphasized, so as to emphasize the grayscale 
transition. 

[00204] As a result, unlike the arrangement in which the 
corrected video data D2 indicative of a black level in the 
case where the grayscale transition is not emphasized is 
identical with the corrected video data D2 in the case 
where the grayscale transition is most emphasized so that 
the grayscales are reduced, it is possible to further 
emphasize the grayscale transition so that the grayscales 
are reduced, thereby improving the response speed of the 
sub-pixel SPIX. 

[00205] Here, in case where a liquid crystal cell in a 
vertical alignment mode is used in a normally black mode, 
when the grayscale varies so as to be a larger grayscale 
(grayscale transition in "rise"), a slant electric field 
generated by a voltage applied to the pixel electrode 
causes liquid crystal molecules to slant with respect to a 
direction parallel to a substrate of the liquid crystal cell. 
While, in case where the grayscale varies so as to be a 
smaller grayscale (grayscale transition in "decay"), the 
liquid crystal molecules are restored so as to be in a 
vertical direction due to a force that a vertical alignment 
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film formed on the substrate exerts in a vertical direction. 
Thus, in the case of using the liquid crystal cell, the 
grayscale transition in "decay" tends to be slower than the 
grayscale transition in "rise". 

[00206] However, the modulated-drive processing section 
21j arranged in the foregoing manner further emphasizes 
the grayscale transition in "decay", so that it is possible to 
further reduce the response speed in "decay". As a result, 
even in the case of using such a liquid crystal cell, it is 
possible to realize the image display device Ij having the 
sufficiently high response speed. 

[00207] Particularly, the response speed of the liquid 
crystal is low at a low temperature, so that the grayscale 
transition in "decay" tends to be slow. However, the 
modulated-drive processing section 2 1 j enhances the 
response speed in the grayscale transition in "decay", so 
that the modulated-drive processing section 2 1 j can be 
preferably used under a condition of low temperature. 

[00208] Further, in the present embodiment, the BDE 
circuit having the noise adding circuit 143 and the 
truncation circuit 145 is provided at a previous stage of 
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the frame memory 131. Thus, it is possible to reduce the 
data amount of the video data Dl (i, j, k) stored in the 
frame memory 131 without apparently deteriorating the 
display quality of an image displayed in the pixel array 2j. 

[00209] In the present embodiment, although the bit width 
of the video data Db inputted to the noise adding circuit 
143 is 10 bits, the bit width of the video data Dl (i, j, k) 
stored in the frame memory 131 is reduced so as to be 8 
bits. Thus, it is possible to reduce the memory 
capacitance required in the frame memory 131. Further, 
in circuits positioned after the truncation circuit 145, that 
is, in the memory control circuit 132, the previous frame 
grayscale correction circuit 137, the modulation 
processing section 133, the control circuit 12 of Fig. 2, 
and the data signal line driving circuit 3 of Fig. 2, the bit 
width of the video data is reduced from 10 bits to 8 bits. 
Thus, it is possible to reduce the number of wirings for 
connection thereof to 4/5 and to reduce an area occupied 
by the wirings to 4/5, thereby reducing a computing 
amount in the circuits. 

[00210] Note that, it is necessary to transfer the video data 
at a comparatively high speed. Thus, in order to transfer 
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the video data by circuits whose response speeds are 
comparatively low, it is necessary to provide a plurality of 
circuits in parallel and to operate them alternately. 
Therefore, when the number of bits of the video data 
increases, an area occupied by the circuits increases. 
However, in the foregoing arrangement, the bit width is 
reduced to 4/5. Thus, unlike the case of 10 bits, even in 
the case where the circuits operating in parallel to each 
other are provided, it is possible to prevent the area 
occupied by the circuits from increasing. 

[00211] Further, in the foregoing arrangement, the BDE 
circuit having the noise adding circuit 143 and the 
truncation circuit 145 is provided at the previous stage of 
the frame memory 131 and the modulation processing 
section 133. Thus, unlike the case where the BDE circuit 
is provided at the following stage of the modulation 
processing section 133, the arrangement does not bring 
about the following disadvantage: after the modulation 
processing section 133 emphasizes the grayscale 
transition as much as possible so that the excessive 
brightness does not occur, the BDE circuit adds the noise, 
so that the excessive brightness is recognized. As a result, 
according to the foregoing arrangement, although the 
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addition of noise and the emphasis of the grayscale 
transition are performed together, it is possible to prevent 
the occurrence of the excessive brightness. 

[00212] The following description will further detail the 
foregoing effect, by comparing with some comparative 
examples, with reference to Fig. 28 and Fig. 29. 

[00213] First, as a first comparative example, it is so 
arranged that: the members 141 to 145 are omitted, and 
the pixel array 2 whose y property is the same as the y 
property of the inputted video data is used. In this 
arrangement, as shown by DATA 1 of Fig. 28, 8-bit video 
data D (first tone data) inputted to the input terminal Tl 
is inputted to the memory control circuit 132 and the 
modulation processing section 133 without any 
modification. 

[00214] In this case, the DATA 1 has no room for further 
emphasizing the transition of the substantially full 
grayscales (for example, grayscale transition between 
white and black), so that the modulation processing 
section 133 cannot sufficiently emphasize the transition of 
the substantially full grayscales. As a result, in the 
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grayscales displayed in the pixel array 2, there occur 
areas Rbl and Rcl, each of which cannot sufficiently 
reduce the response speed of the sub pixels since the 
grayscale transition is not sufficiently emphasized. 

[00215] Next, as a second comparative example, it is so 
arranged that: merely the grayscale conversion circuit 142 
is provided, and as shown by DATA 2 of Fig. 28, the 
inputted video data D is allocated to an area Ra2 narrower 
than the video data D, and is outputted. In this 
arrangement, there is a possibility that the following 
disadvantage may occur. 

[00216] In more detail, the area Ra2 obtained after the 
conversion is set so that: within the area Ra2, the 
grayscale transition emphasis performed by the 
modulation processing section 133 enables the response 
speed of the sub pixels to be improved in the whole range 
of the inputted video data. Thus, it is possible to cause 
the sub pixels SPIX to respond at a sufficiently high speed 
regardless of a type of the inputted video data D. 

[00217] In other words, the area Ra2 obtained after the 
conversion is limited compared with an area which 
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enables data to be expressed in accordance with a bit 
width allocated to the DATA 2 (in this example, 8 bits), 
and there are remaining areas Rb2 and Rc2. Thus, the 
modulation processing section 133 can emphasize the 
grayscale transition from the one grayscale in the area 
Ra2 to the other grayscale in the area Ra2 by using the 
areas Rb2 and Rc2. As a result, even in the case of the 
transition of the substantially full grayscales (for example, 
the grayscale transition between an upper limit and a 
lower limit of the area Ra2), it is possible to further 
emphasize the grayscale transition by using the areas Rb2 
and Rc2, thereby causing the sub pixels SPIX to respond 
at a sufficiently high speed. 

[00218] However, according to the arrangement, the 
number of grayscales (grayscale number: the number of 
grayscales in the area Ra2) outputted by the grayscale 
conversion circuit 142 is smaller than the number of 
grayscales which can be expressed by the bit width (in 
this example, 8 bits) of the video data D, so that the 
display quality (the number of grayscales, the number of 
colors) is deteriorated. 

[00219] Next, as a third comparative example, it is so 
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arranged that: a bit width varying circuit (not shown) is 
provided at the previous stage of the grayscale conversion 
circuit 142, and as shown by DATA 3, the bit width 
varying circuit enlarges the bit width of the inputted video 
data D (for example, the bit width varying circuit enlarges 
the bit width from 8 bits to 10 bits). In this arrangement, 
there is a possibility that the following disadvantage may 
occur. 

[00220] In more detail, according to the arrangement, an 
area Ra3 of grayscales outputted by causing the grayscale 
conversion circuit 142 to convert the video data D is an 
area obtained by removing remaining areas Rb3 and Rc3 
from an area which enables data whose bit width has been 
enlarged to be expressed. However, the number of 
grayscales which can be expressed in the area Ra3 
extraordinarily exceeds the number of grayscales (in this 
example, 256 grayscales) which the inputted video data D 
can indicate. Thus, unlike the second comparative 
example, it is possible to suppress deterioration of the 
display quality. 

[00221] However, even in this arrangement, if it is 
impossible to have sufficient grayscales on the side of low 
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grayscales, there is a possibility that a serious display 
error may occur. In more detail, human visual sense has a 
logarithmic sensitivity scale with respect to an energy of 
light (luminance), so that the human visual sense is more 
sensitive to the conversion as a displayed image is darker. 
In other words, in a relatively dark area, when a slight 
error occurs, the error is recognized as an abnormal image 
by person. 

[00222] Thus, when there are not sufficient grayscales on 
the side of low grayscales, the display error occurs. As a 
result, it is difficult to sufficiently enlarge a size (size of 
Rb3) of an area which can be obtained in causing the 
modulation processing section 133 to emphasize the 
grayscale transition, so that it is difficult to improve the 
response speed and suppress deterioration of the display 
quality at once. Particularly, according to the arrangement 
in which the noise adding circuit 143 to the truncation 
circuit 145 are provided like the present embodiment, it is 
impossible to avoid occurrence of some errors caused by 
adding the noise. Thus, in a relatively bright area (on the 
side of high grayscales), even when the errors are not 
recognized, there is a possibility that the display error 
may significantly deteriorate the display quality unless 
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sufficient grayscales are prepared on the side of low 
grayscales. 

[00223] Meanwhile, as a fourth comparative example, it is 
so arranged that: as shown by DATA 4 of Fig. 28, the y 
property of the pixel array 2j is set to be a larger value 
(for example, 2.8), and the y conversion circuit 141 is 
provided at the previous stage of the grayscale conversion 
circuit 142. In this arrangement, it is possible to improve 
the response speed of the sub pixels SPIX without 
deteriorating the display quality. While, there is a 
possibility that the bit width of the video data which 
needs to be processed by a circuit provided at the 
following stage of the grayscale conversion circuit 142 
may be larger. 

[00224] In more detail, according to the arrangement, by 
performing the y conversion, it is possible to allocate more 
grayscales on the side of low grayscales than in the third 
comparative example. For example, as shown in Fig. 17 
and Fig. 29, the number of grayscales on the side of low 
grayscales is enlarged in the case where y = 2.8 compared 
with the case where y = 2.2. Here, when a grayscale which 
causes the transmittance to be 0.002 is set to be a black 
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level in order to realize a contrast ratio of 500 as shown in 
Fig. 29, the number of grayscales which can express 
proximity of black (transmittance is 0.002 to 0.006) is 40 
in the case where y = 2.2, and the number is 52 in the 
case where y = 2.8. Thus, by performing the grayscale 
conversion so that y is larger, the modulated drive 
processing section 21j can select grayscales, whose 
luminance more exactly corresponds to an input, in the 
low grayscales. 

[00225] Further, when a grayscale which causes the 
transmittance to be 0.002 is set to be a black level, as 
shown in Fig. 29, the number of grayscales lower than the 
black level is 62 in the case where y = 2.2, and the 
number is 112 in the case where y = 2.8. Thus, by 
performing the grayscale conversion so that y is larger, 
the modulated drive processing section 2 1 j can more 
surely emphasize the grayscale transition, so that it is 
possible to more exactly improve the response speed of the 
sub pixels SPIX. 

[00226] Note that, the foregoing description explains the 
example where a grayscale which causes the 
transmittance to be 0.002 is set to be a black level. 
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However, in case where a still image is prioritized, a 
grayscale whose transmittance is lower is set to be a black 
level, and the number of grayscales in the proximity of 
black is increased. Adversely, in case where a moving 
image is prioritized, a grayscale whose transmittance is 
larger is set to be a black level, and the number of 
grayscales lower than the black level is increased. 

[00227] In both the cases, it is possible to sufficiently 
enlarge a size (size of Rb4) of an area which can be 
obtained in causing the modulation processing section 
133 to emphasize the grayscale transition. Thus, it is 
possible to suppress the occurrence of the display error, 
and it is possible to improve the response speed and to 
suppress deterioration of the display quality. Note that, in 
Fig. 28, Rc4 is an area, corresponding to the side of high 
grayscales, which is used to emphasize the grayscale 
transition. 

[00228] However, according to the arrangement of the 
fourth comparative example, unlike the present 
embodiment, the noise adding circuit 143 to the 
truncation circuit 145 are not provided. Accordingly, a 
circuit positioned after the grayscale conversion circuit 
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142 needs to process data whose bit width has been 
enlarged (for example, 10-bit width). Thus, the frame 
memory 131 is required to have more storage capacity. 
Further, it is necessary to arrange the pixel array 2j so 
that it is possible to display an image based on vide data 
having wider bit width (for example, 10 bits), so that cost 
of a driver IC and the like increases. 

[00229] On the other hand, in the modulated drive 
processing section 21j according to the present 
embodiment, the noise adding circuit 143 to the 
truncation circuit 145 are provided at the following stage 
of the grayscale conversion circuit 142. Thus, it is 
possible to reduce a bit width of a video signal which 
should be processed by a circuit positioned after the 
grayscale conversion circuit 142 compared with the fourth 
comparative example. Further, as described above, after 
adding the noise, the less significant bit is rounded, 
thereby generating the video data Dl. 

[00230] Thus, unlike the arrangement in which the less 
significant bit is merely truncated without adding the 
noise, it is possible to suppress the occurrence of the 
pseudo outline and it is possible to keep the display 
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quality so that a displayed image is not apparently 
different from an image displayed on the basis of data 
whose bit width has been enlarged (for example, 10-bit 
width) though the bit width is reduced. Note that, in Fig. 
28, Rb5 and Rc5 are areas, respectively corresponding to 
the side of low grayscales and the side of high grayscales, 
which are used to emphasize the grayscale transition. 

[00231] The following description will detail the 
improvement of the response speed by giving an example 
where the liquid crystal cell in a vertical alignment mode 
is used in a normally black mode. That is, a typical liquid 
crystal cell has a voltage-transmittance property shown in 
Fig. 18 for example, and a voltage (white voltage) applied 
in displaying a grayscale of a white level is set to be 
approximately 7.5[V] for example. 

[00232] Here, when a black voltage is set to be 0[V], it is 
possible to realize 1000 or more contrasts, but it is 
troublesome to design a network of resistors used to 
generate voltages corresponding to respective grayscales. 
Thus, in order to realize approximately 500 contrasts like 
a general television, the black voltage is set to be 
approximately 0.6[V] to 1.1[V]. 
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[00233] As a comparative example, the following 
description explains an arrangement in which: a pixel 
array whose y property is set to y = 2.2 displays an image 
based on video data D whose y property is set to y = 2.2 
without converting the video data D by means of the y 
conversion circuit 141 and the grayscale conversion 
circuit 142. In such an arrangement, a grayscale-voltage 
property of a data signal line driving circuit of the pixel 
array is set as shown in Fig. 19. Note that, as described 
above, when the black level is raised, it is troublesome to 
design a network of resistors. Thus, in the case where y = 
2.2, the black voltage is set to be 1.1[V] as shown in Fig. 
19. 

[00234] While, the pixel array 2j according to the present 
embodiment is set so that y = 2.8, and the 
grayscale-voltage property of the data signal line driving 
circuit 3 is set as shown in Fig. 20. Here, the pixel array 
2j is set so that y = 2.8, so that it is possible to set the 
black voltage to be low without taking any trouble in 
designing unlike the case where y = 2.2. Thus, in an 
example of Fig. 20, a lowest voltage which can be applied 
by the data signal line driving circuit 3 is set to be 0.8[V] 
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for example. Note that, in this case, this arrangement 
realizes approximately 900 contrasts. 

[00235] Further, the video data D is converted into the 
video data Db by the y conversion circuit 141 and the 
grayscale conversion circuit 142 according to the present 
embodiment converts as shown in Fig. 21, and the data 
signal line driving circuit 3 applies a voltage shown in Fig. 
21 in accordance with each video data Db. 

[00236] In the present embodiment, in case where the 
modulation processing section 133 outputs the video data 
Dl (i, j, k) of the current frame FR (k) without any 
modification like the case where a still image is displayed, 
when the video data D (i, j, k) indicates a black level, the 
video data Db (i, j, k) outputted from the grayscale 
conversion circuit 142 is 79 grayscales, and a voltage that 
the data signal line driving circuit 3 applies to the 
sub-pixel SPIX (i, j) is 1.09[V]. While, in case where the 
modulation processing section 133 outputs the corrected 
video data D2 (i, j, k) of 0 grayscale so as to emphasize 
the grayscale transition to the greatest degree in the 
grayscale transition in "decay", the data signal line driving 
circuit 3 applies a voltage of 0.8[V] to the sub-pixel SPIX (i, 
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j). In this manner, in emphasizing the grayscale transition, 
it is possible to apply a voltage lower than the black 
voltage in the case where the grayscale transition is not 
emphasized, so that it is possible to improve the response 
speed of the sub-pixel SPIX (i, j). 

[00237] Likewise, in the present embodiment, in the case 
where the modulation processing section 133 outputs the 
video data Dl (i, j, k) of the current frame FR (k) without 
any modification, when the video data D (i, j, k) indicates 
a white level, the video data Db outputted from the 
modulation conversion circuit 142 is 1013 grayscales, and 
a voltage that the data signal line driving circuit 3 applies 
to the sub-pixel SPIX (i, j) is 6.5[V]. While, in case where 
the modulation processing section 133 outputs the 
corrected video data D2 (i, j, k) of the maximum grayscale 
so as to emphasize the grayscale transition to the greatest 
degree in the grayscale transition in "rise", the data signal 
line driving circuit 3 applies a voltage of 7.5[V] to the 
sub-pixel SPIX (i, j). In this manner, in emphasizing the 
grayscale transition, it is possible to apply a voltage 
higher than the white voltage in the case where the 
grayscale transition is not emphasized, so that it is 
possible to improve the response speed of the sub-pixel 
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SPIX (i, j). 

[00238] The following description gives an example of a 
case where the video data D varies from 0 grayscale to 255 
grayscales in the transition from the previous frame FR 
(k-1) to the current frame FR (k). In this case* according 
to the arrangement of the comparative example, as shown 
in Fig. 21, the transition from 0 grayscale to 255 
grayscales is the full gradation, so that it is impossible to 
emphasize the grayscale transition any more. Thus, the 
corrected video data D2 (i, j, k-1) and D2 (i, j, k) supplied 
to the data signal line driving circuit are respectively 0 
grayscale and 255 grayscales, and a voltage applied to the 
sub-pixel SPIX (i, j) varies from 1.1 [V] to 7.5[V]. 

[00239] Thus, as shown by a broken line of Fig. 22, due to 
a step response property, it takes approximately three 
frames (approximately 0.03 sec) to enable the luminance 
of the sub-pixel SPIX (i, j) to correspond to the luminance 
of the white level. Note that, the step response property is 
such phenomenon that: an electric capacitance of a liquid 
crystal layer so varies in accordance with response of the 
liquid crystal that displacement of a potential applied to 
the liquid crystal is reduced, so that the response seems 
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to be slow. The phenomenon is genuinely an electric 
phenomenon, so that it is observed even at a high 
temperature. 

[00240] On the other hand, in the present embodiment, as 
shown in Fig. 21, the video data Db (i, j, k-1) and Db (i, j, 
k) outputted from the grayscale conversion circuit 142 are 
respectively 79 grayscales and 1013 grayscales. Thus, for 
example, the modulation processing section 133 changes 
the corrected video data D2 (i, j, k) of the current frame 
FR (k) into a grayscale corresponding to 1023 grayscales, 
thereby emphasizing the grayscale transition without any 
trouble. Thus, as shown by a continuous line of Fig. 22, 
the luminance of the sub-pixel SPIX (i, j) reaches the 
white level within one frame (16.7 msec). 

[00241] Incidentally, in case of the liquid crystal display 
device, when a wavelength varies, the transmittance varies 
even though the same voltage is applied to the pixel 
electrode of the liquid crystal cell. Thus, in order to unify 
the sub-pixels SPIX of R, G, and B in terms of the 
luminance, voltages that should be applied to the 
sub-pixels SPIX are different from each other. Here, when 
the data signal line driving circuit 3 of the pixel array 2j 
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is arranged so that R, G, and B are set to be different from 
each other in terms of a relationship between the 
corrected video data D2 (i, j, *) and a voltage applied to 
each sub-pixel SPIX (i, j), a circuit arrangement of the 
data signal line driving circuit 3 is complicated. 

[00242] However, in the present embodiment, the y 
conversion circuit 141 and the grayscale conversion 
circuit 142 are set to perform conversion differently from 
each other. Thus, in the data signal line driving circuit 3 
of the pixel array 2j, although the respective colors are set 
in the same manner in terms of the relationship between 
the corrected video data D2 (i, j, *) and the voltage applied 
to each sub-pixel SPIX (i, j), it is possible to appropriately 
set the luminance of the sub-pixels SPIX by causing the y 
conversion circuit 141 and the grayscale conversion 
circuit 142 to appropriately convert the grayscales of each 
of R, G, and B. 

[00243] In this manner, in the present embodiment, the y 
conversion circuit 141 performs y conversion with respect 
to the video data supplied to each sub-pixel inputted to 
the input terminal Tl, so as to convert the video data into 
the video data Da (i, j, k) for displaying an image in a 
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display device having a larger y property. Further, the 
grayscale conversion circuit 142 compresses a possible 
value range of the video data Da (i, j, k), so as to generate 
the video data Db (i, j, k), having the same bit width as 
that of the video data Da (i, j, k), which can represent a 
value lower than the black level of the video data Da (i, j, 
k). As to the video data Db (i, j, k), a noise is added. 
Thereafter, its less significant bit is truncated, thereby 
obtaining the video data Dl (i, j, k). 

[00244] Further, the modulation processing section 133 
corrects the video data D (i, j, k) so as to emphasize the 
grayscale transition from the previous grayscale data to 
the current grayscale data. Thus, even in case where the 
grayscale transition to a smallest grayscale is required, it 
is possible to realize a driving device of an image display 
device which can improve the response speed of the pixel. 

[Embodiment 12] 

[00245] As shown in Fig. 23, in addition to the 
arrangement of Embodiment 11, a modulated-drive 
processing section 21k according to the present 
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embodiment includes an FRC circuit 146, provided 
between (i) the truncation circuit 145 and (ii) the frame 
memory 131 and modulation processing circuit 133, which 
is similar to the FRC circuit 38 of Embodiment 2. 

[00246] As in Embodiment 2, according to the video data D 
(i, j, k), the FRC circuit 146 varies a least significant bit 
of the video data, outputted by the truncation circuit 145, 
on the basis of a predetermined pattern, and then outputs 
thus varied least significant bit as the video data Dl (i, j, 
k). The pattern is set so that a value of a bit truncated by 
the truncation circuit 145 corresponds to an average value 
of values constituting the pattern. 

[00247] In this arrangement, as in Embodiment 2, due to 
the FRC circuit 146, the least significant bit of the video 
data Dl (i, j, k) varies on the basis of such a pattern that 
a value of a bit truncated by the truncation circuit 145 
corresponds to an average value of values constituting the 
pattern. Thus, it is possible to make an average value of 
the luminance of the sub-pixel SPIX (i, j) correspond to 
the luminance indicated by video data before being 
truncated by the truncation circuit 145. 
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[00248] Note that, in case where the response speed of the 
sub-pixel SPIX (i, j) is so low that the sub-pixel SPIX (i, j) 
cannot vary the luminance in accordance with the 
variation of the corrected video data D2 (i, j, k), an 
average value of the luminance of the sub-pixel SPIX (i, j) 
is not the desired value. However, in the modulated-drive 
processing section 21k according to the present 
embodiment, a bit varied by the FRC circuit 146 is a least 
significant bit of the video data Dl (i, j, k), and the 
modulation processing section 133 emphasizes the 
grayscale transition from the previous frame FR (k-1) to 
the current frame FR (k). Thus, the modulated-drive 
processing section 21k can set the average value of the 
luminance of the sub-pixel SPIX (i, j) to be the foregoing 
desired value without any trouble. 

[00249] Here, in case of the pixel array 2j in which an area 
occupied by each sub-pixel SPIX (i, j) is extremely small 
and spatial resolution and luminance resolution are set to 
be close to or over a limit of human visual sense, that is, 
in case of the pixel array 2j on the assumption that it is 
viewed at such distance that it is impossible to recognize 
each pixel, even when the noise adding circuit 143 adds a 
fixed noise in a time-series manner so that its bit width is 
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narrower than that of the video data D (i, j, k) by 
approximately 3 bits, there is no possibility that the noise 
pattern is recognized by the user of the image display 
device. Examples of such image display device include an 
XGA (extended Graphic Array) display of 15 inches and 
the like. In this case, a gap (fineness) between the 
sub-pixels SPIX (i, j) is set to be approximately 300|im. 

[00250] However, in such arrangement that the fixed noise 
is added in a time-series manner when the spatial 
resolution and the luminance resolution of the pixel array 
2j do not exceed the aforementioned limit, there is a 
possibility that the noise pattern may be recognized by the 
user of the image display device lk when an image 
displayed in the pixel array 2j is under a specific 
condition (for example, specific brightness or specific 
movement). Examples of such image display device include 
the VGA display of 15 inches and the like. 

[00251] On the other hand, in the modulated-drive 
processing section 21k according to the present 
embodiment, the FRC circuit 146 changes the least 
significant bit of the video data Dl (i, j, k). Thus, even in 
case of applying the modulated-drive processing section 
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21k to such image display device, it is possible to prevent 
the noise pattern from being recognized by the user. As 
such, it is possible to improve the apparent display 
quality of the image display device lk compared with the 
case where the fixed noise is added in a time-series 
manner. 

[Embodiment 13] 

[00252] Incidentally, Embodiments 11 and 12 explain the 
case where: the noise added to the video data D (i, j, *) by 
the noise adding circuit 143 is fixed in a time-series 
manner, and the noise of the same value is always added 
to the video data D (i, j, *) supplied to the sub-pixel SPIX 
(i, j). On the other hand, the present embodiment will 
explain a case where the noise added to the video data D (i, 
j, *) by the noise adding circuit 143 is varied in a 
time-series manner. Note that, this arrangement can be 
applied to both the Embodiments 11 and 12. Hereinafter, 
the case where the arrangement is applied to Embodiment 
1 1 is described with reference to Fig. 15. 

[00253] That is, in a modulated-drive processing section 
21m according to the present embodiment, instead of the 

118 



U.S. Patent Application 
Docket No. 12480-000038/US 

noise generating circuit 144, there is provided a noise 
generating circuit 144m arranged substantially in the 
same manner as the noise generating circuit 35b 
according to Embodiment 3, and the noise adding circuit 
144m generates a noise which varies in a time-series 
manner. 

[00254] In the modulated-drive processing section 21m 
according to the present embodiment, the noise that the 
noise adding circuit 143 adds to the video data D (i, j, *) 
is varied in a time-series manner. Thus, as in Embodiment 
3, even in case where the modulated-drive processing 
section 21m is applied to an image display device (for 
example, a VGA display of 20 inches, an XGA display of 40 
inches, and the like) in which: a spatial resolution and a 
luminance resolution of the pixel array 2j are far below 
the limit of human visual sense, and each sub-pixel SPIX 
(i, j) is recognized by the user of the image display device, 
it is possible to prevent the noise pattern from being 
recognized by the user, so that it is possible to improve 
the apparent display quality of the image display device 
lm compared with the case where the fixed noise is added 
in a time-series manner. 
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[00255] Incidentally, in order to display a stable still image 
free from any flicker and noise, the modulated-drive 
processing section 133 according to the respective 
embodiments does not emphasize the grayscale transition 
and outputs the video data Dl (i, j, k) of the current frame 
FR (k) without any modification when a difference between 
the video data DOa (i, j, k-1) of the previous frame FR 
(k-1) and the video data Dl (i, j, k) of the current frame 
FR (k) is smaller than a predetermined threshold value. 

[00256] In this case, the threshold value is set so as to 
correspond to a variation width at which the noise varies 
in a time-series manner. In more detail, the threshold 
value is as large as or larger than the variation width at 
which the noise varies in a time-series manner, and is set 
to be such a small value that insufficient grayscale 
transition due to the insufficient response speed of the 
sub-pixel SPIX (i, j) is not recognized even when the 
grayscale transition is not emphasized. For example, in 
case of the foregoing values, that is, in case where the 
video data Db (i, j, k) is 10 bits, and the volume of the 
noise is ±7 bits, and the truncation circuit 145 truncates 
2 bits, the threshold value is set to be 32 grayscales (= 

2(7-2)). 
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[00257] In this manner, the threshold value is set to be a 
value which is as large as or larger than the variation 
width at which the noise varies in a time-series manner. 
Thus, in the case where a still image is displayed, even 
when the noise causes the video data Dl (i, j, k) to so vary 
that the grayscale transition occurs, the modulation 
processing section 133 does not emphasize the grayscale 
transition and outputs the video data Dl (i, j, k) of the 
current frame FR (k) without any modification. In this 
manner, as in Embodiment 3, in the case of the grayscale 
transition which can be brought about merely by adding 
the noise data, the modulation processing section 133 
according to Embodiment 13 does not emphasize the 
grayscale transition, and the modulation processing 
section 133 obtained by adding the FRC circuit 146 to the 
arrangement of Embodiment 13 does not emphasize the 
grayscale transition in case of the grayscale transition 
which can be brought about merely by adding the noise 
data and causing the FRC circuit 146 to change the least 
significant bit. Thus, the grayscale transition caused by 
the noise is not emphasized, so that it is possible to 
prevent the following disadvantage: due to the grayscale 
transition caused by the noise, the noise pattern is 
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recognized by the user. 

[00258] Further, in the case where the noise added to the 
video data D (i, j, *) by the noise adding circuit 143 is 
varied in a time-series manner like the present 
embodiment, that is, in the case where it is assumed that 
an image is viewed at a distance shorter than that of 
Embodiment 1 1 (at such a distance that each sub-pixel 
SPIX (i, j) is recognized by the user of the image display 
device), it is more desirable to set a maximum value of an 
absolute value of the noise data generated by the noise 
generating circuit 144 to be not more than 32 grayscales. 

[Embodiment 14] 

[00259] The foregoing description explains the example 
where the maximum value of the noise data generated by 
the noise generating circuit is constant. However, the 
present embodiment will explain an arrangement in which 
the maximum value of the noise data is varied in 
accordance with a grayscale indicated by the video data D 
(i, j, k) inputted to the input terminal Tl. Note that, this 
arrangement can be applied to each of Embodiments 1 1 to 
13. Hereinafter, a case where the foregoing arrangement is 
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applied to Embodiment 1 1 will be described with reference 
to Fig. 24. 

[00260] That is, in a modulated-drive processing section 
2 In according to the present embodiment, instead of the 
noise generating circuit 144 shown in Fig. 11, there is 
provided a noise generating circuit 144n similar to the 
noise generating circuit 35c according to Embodiment 3, 
and the noise generating circuit 144m can change the 
volume of the outputted noise data. Further, as in 
Embodiment 4, there is provided a grayscale 
determination section 39 for detecting a display grayscale 
level of the video data D (i, j, k) and instructing the noise 
generating circuit 144n to output a noise whose volume 
corresponds to a detection result. 

[00261] In this arrangement, as in Embodiment 4, in case 
where an average value of the video data D in a block is 
high, that is, in case where the relative volume of the 
noise is so small that the noise pattern is hardly 
recognized by the user even when the volume of the noise 
is made larger than in a case where the average value is 
small, the maximum value of the noise is set to be large. 
While, in case where the average value of the video data D 
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is small, that is, in case where the relative volume of the 
noise is so large that the noise pattern may be recognized 
by the user unless the volume of the noise is made smaller 
than in the case where the average value is large, the 
maximum value of the noise is set to be small. As a result, 
as in Embodiment 4, no matter what the average value of 
the luminance of the block may be, it is possible to set the 
maximum value of the noise to be a value suitable for the 
average value, so that it is possible to realize the image 
display device In whose display quality is higher than 
that in the case where the maximum value of the noise is 
fixed. 

[00262] Note that, unlike Embodiments 1 to 10, 
Embodiments 11 to 14 explain the arrangement in which: 
the video data DO (i, j, k-1) of the previous frame FR (k-1) 
that the modulation processing section 133 stores in the 
frame memory 133 is referred to, and the video data of the 
current frame FR (k) is corrected so as to emphasize the 
grayscale transition from the current frame to the 
previous frame, and the corrected video data D2 (i, j, k) is 
outputted as the corrected video signal DAT 2. However, 
also in the arrangement having the y conversion circuit 
141 and the grayscale conversion circuit 142 like 
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Embodiments 1 1 to 14, as shown in Fig. 25, it may be so 
arranged that: as in Embodiments 1 to 10, the previous 
frame grayscale correction circuit (37 to 37i) is provided, 
and the modulation processing section 133 generates the 
corrected video signal DAT2 by referring to (i) the 
corrected previous frame video signal DATOa outputted 
from the previous frame grayscale correction circuit and 
(ii) the current frame video signal DAT. Note that, Fig. 
25 shows an arrangement obtained by combining 
Embodiment 11 with Embodiment 1 as an example. 

[00263] In addition to the arrangement shown in Fig. 15, a 
modulated-drive processing section 21p shown in Fig. 25 
includes a previous frame grayscale correction circuit 
137p similar to the previous frame grayscale correction 
circuit 37. Further, in the modulated-drive processing 
section 21p, instead of the frame memory 131 and the 
control circuit 132, there are provided a frame memory 
131p and a control circuit 132p that are respectively 
similar to the frame memory 31 and the control circuit 32. 
As in the control circuit 32, the control circuit 132p reads 
out the video data D00 (i, j, k-2) of the further previous 
frame from the frame memory 13 lp, and outputs the video 
data D00 (i, j, k-2) as the further previous frame video 
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signal DAT 00. 

[00264] In this arrangement, as in Embodiment 11, the 
grayscale correction is performed by the y conversion 
circuit 141 and the grayscale conversion circuit 142, 
thereby improving the response speed of the pixel. Further, 
as in Embodiment 1, the modulation processing section 
133 emphasizes the grayscale transition in accordance 
with the previous frame video signal DATO corrected by 
the previous frame grayscale correction circuit 137p, so 
that it is possible to prevent occurrence of the excessive 
or poor brightness, thereby improving the display quality 
of the image display device 1. 

[00265] Note that, the foregoing embodiments explain the 
example where the liquid crystal cell in a vertical 
alignment mode and a normally black mode is used as the 
display element, but the arrangement is not limited to this. 
It is possible to obtain the same effect as long as the 
display element has such a property that: since the 
response speed is low, actual grayscale transition is 
different from desired grayscale transition in the grayscale 
transition from the further previous time to the previous 
time even when it is driven while performing modulation 
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so as to emphasize the grayscale transition. 

[00266] However, as to the liquid crystal cell in a vertical 
alignment mode and a normally black mode, the response 
speed with respect to the grayscale transition is lower in 
"decay" than in "rise". Thus, even when it is driven while 
performing modulation so that the grayscale transition is 
emphasized, the actual grayscale transition tends to differ 
from the desired grayscale transition in the grayscale 
transition from the further previous time to the previous 
time, so that the excessive brightness tends to occur. 
Thus, it is particularly preferable to prevent the 
occurrence of the excessive brightness via the 
arrangement of the foregoing embodiment. 

[00267] Further, the foregoing embodiments describe the 
example where members constituting the modulated-drive 
processing section is realized by a hardware, but the 
arrangement is not limited to this. It may be so arranged 
that: all of or part of the members is realized by 
combining a program for realizing the foregoing functions 
with a hardware (computer) for carrying out the program. 
For example, a computer connected to the image display 
device 1 may realize the modulated-drive processing 
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section (21 to 21p) as a device driver used in driving the 
image display device 1. Further, it may be so arranged 
that: the modulated-drive processing section is realized as 
a conversion substrate which is internally or externally 
provided on the image display device 1, and a storage 
medium storing the software is distributed or the software 
is transferred via a communication line so that the 
software is distributed so as to cause the hardware to 
carry out the software in case where it is possible to 
change an operation of a circuit for realizing the 
modulated-drive processing section by rewriting the 
program such as a firmware, thereby operating the 
hardware as the modulated-drive processing section of the 
foregoing embodiments. 

[00268] In this case, as long as a hardware which can 
carry out the foregoing functions is prepared, it is 
possible to realize the modulated-drive processing section 
according to the foregoing embodiments merely by causing 
the hardware to carry out the program. 

[00269] In more detail, in case of realizing the 
modulated-drive processing section by using the software, 
a computing device, constituted of CPU or a hardware 
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which can carry out the functions carries out the program 
stored in a storage device such as ROM and RAM, and 
controls peripheral circuits such as input and output 
circuits (not shown), thereby realizing the modulated-drive 
processing sections 21 to 21p according to the foregoing 
embodiments. 

[00270] In this case, it is also possible to realize the 
modulated-drive processing section by combining a 
hardware for performing part of the process with the 
computing device for carrying out a program code which 
controls the hardware and processes a remaining process. 
Further, in the foregoing members, also a member 
described as the hardware can be realized by combining 
the hardware for performing part of the process with the 
computing device for carrying out a program code which 
controls the hardware and processes a remaining process. 
Note that, a single computing device may carry out the 
program code, or a plurality of computing devices 
connected to each other via a bus internally provided on 
the device or via various communication paths may carry 
out the program code together. 

[00271] The program code itself which can be directly 
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carried out by the computing device, or a program 
functioning as data which can generate a program code by 
uncompressing and the like is carried out as follows: the 
program (the program code or the data) is stored in the 
storage medium, and the storage medium is distributed, 
or the program is transferred by a transferring device for 
transferring the program via a wired or wireless 
communication path so as to be distributed, so that the 
program is carried out the computing device. 

[00272] Note that, in case of transferring the program via 
the communication path, each of transferring media 
constituting the communication path transfers a signal 
sequence indicative of the program so that the program is 
transferred via the communication path. Further, it may 
be so arranged that: in transferring the signal sequence, a 
sending device modulates a carrier wave in accordance 
with the signal sequence indicative of the program so as to 
superpose the signal sequence on the carrier wave. In this 
case, a receiving device demodulates the carrier wave so 
as to restore the signal sequence. 

[00273] While, it may be so arranged that: in transferring 
the signal sequence, the sending device divides the signal 
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sequence into packets as a digital data sequence. In this 
case, the receiving device connects groups of the received 
packets, thereby restoring the signal sequence. Further, it 
may be so arranged that: in transferring the signal 
sequence, the sending device combines a signal sequence 
with another signal sequence by methods such as time 
division, frequency division, and code division, so as to 
transfer the signal sequence. In this case, the receiving 
device extracts each signal sequence from the combined 
signal sequences, so as to restore the signal sequences. In 
each case, it is possible to obtain the same effect as long 
as it is possible to transfer the program via the 
communication path. 

[00274] Here, it is preferable that the storage medium used 
in distributing the program is detachable (removable). 
However, it does not matter whether the storage medium 
after distributing the program is detachable or not. 
Further, as long as the storage medium stores the 
program, it does not matter whether the storage medium 
is rewritable (writable) or not, volatile or not. 

[00275] Any storage method and any shape may be adopted 
as long as the storage medium stores the program. 
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Examples of the storage medium include: tapes, such as 
magnetic tape and cassette tape; disks including magnetic 
disks, such as floppy disks (registered trademark) and 
hard disk, and optical disks, such as CD-ROMs, MOs, 
MDs, and DVDs; cards, such as IC card and optical cards; 
and semiconductor memories, such as mask ROMs, 
EPROMs, EEPROMs, and flash ROMs. Alternatively, the 
storage medium may be a memory provided in the 
computing device such as CPU. 

[00276] Note that, the program code may be a code for 
giving instruction for all procedures of the processes to 
the computing device. As long as there is a basic program 
(for example, an operating system or a library) which can 
be entirely or partially carried out by reading the program 
in a predetermined manner, all the procedures may be 
entirely or partially replaced with a code or a pointer 
which instructs the computing device to read the basic 
program. 

[00277] Further, examples of a format according to which 
the program is stored in the storage medium include: a 
format in which the computing device accesses the 
program so that the program can be carried out like a 
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condition under which the program is placed on a real 
memory for example; a format before placing the program 
on a real memory and after installing the program into a 
local storage medium (for example, a real memory or a 
hard disk) which can be always accessed by the computing 
means; a format before installing the program from a 
network or a transportable storage medium into the local 
storage medium. Further, the program is not limited to a 
compiled object code, but may be stored as a source code 
or an intermediate code generated during interpretation or 
compilation. 

[00278] In each case, as long as the computing method 
enables the program to be converted into an executable 
format by performing the processes such as 
uncompressing of compressed information, restoration 
(decode) of encoded information, interpretation, 
compilation, linkage, or by performing the process such as 
placement on the real memory, or by combining these 
processes, it is possible to obtain the same effect 
regardless of a format in storing the program in the 
storage medium. 

[00279] As described above, a driving device (21 to 21i) of 
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an image display device (1) according to an embodiment of 
the present invention includes: an input terminal (Tl) for 
receiving first tone data indicative of a current tone of 
each of pixels (sub-pixels SPIX (1, 1) ••■ ); noise adding 
means (34, 36 for example) for adding noise data to each 
of the first tone data inputted to the input terminal, and 
rounding a less significant bit whose bit width is 
predetermined, so as to generate second tone data; noise 
generating means (35 to 35c for example) for generating 
the noise data so that the noise data added to the first 
tone data supplied to the pixels of the same color which 
are adjacent to each other have random volumes; storage 
means (frame memory 31 for example) for storing current 
second tone data of the pixel until next second tone data 
is inputted; and first correction means (modulation 
processing section 33 for example) for correcting the 
current second tone data, in accordance with previous 
second tone data read out from the storage means, so as 
to facilitate tone transition from the previous second tone 
data to the current second tone data. 

[00280] Note that, the rounding process performed by the 
noise adding means may be a rounding-up process or a 
rounding-down (truncating) process. Further, the 
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rounding process may be a process for selecting either the 
rounding up or the rounding down in accordance with 
whether or not the less significant bit exceeds a 
predetermined threshold value. For example, this can 
occur in such a manner that 4 or less is rounded down 
and 5 or more is rounded up in a decimal system (0 is 
rounded down and 1 is rounded up in a binary system). 

[00281] However, when the rounding-down process is 
selected from the foregoing rounding processes, it is not 
necessary to change significant digits. Thus, when it is 
required to simplify the process, it is preferable that the 
noise adding means generates the second tone data by 
performing the rounding-down process. 

[00282] In the foregoing arrangement, when the first tone 
data indicative of the current tone of each pixel is 
inputted, the noise adding means adds the noise data to 
the first tone data inputted to the input terminal, and 
rounds the less significant bit, so as to generate the 
second tone data. The current second tone data of each 
pixel that has been generated by the noise adding means 
is stored in the storage means until the next time, and the 
first correction means corrects the current second tone 
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data, in accordance with the previous second tone data 
read out from the storage means and the current second 
tone data inputted from the noise adding means, so as to 
emphasize the tone transition from the previous time to 
the current time. 

[00283] In the arrangement, a bit' width of the second tone 
data stored in the storage means is set to be shorter than 
that of the first tone data by rounding the less significant 
bit. Thus, it is possible to reduce the storage capacity 
required in the storage means. Further, a bit width of the 
tone data processed by circuits (the storage means, the 
first correction means, and the like) positioned after the 
noise adding means is reduced, so that it is possible to 
reduce a circuit size of these circuits and the computing 
amount thereof, and it is possible to reduce the number of 
wirings for connecting these circuits and an area occupied 
by the wirings. 

[00284] Further, the noise generating means generates the 
noise data so that the noise data added to the first tone 
data to the pixels of the same color which are adjacent to 
each other have random volumes. Thus, unlike an 
arrangement in which a pseudo outline occurs in an image 
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displayed in the pixels when the less significant bit of the 
first tone data is truncated so as to generate the second 
tone data, the foregoing arrangement brings about no 
pseudo outline. As a result, although the bit width of the 
second tone data is shorter than that of the first tone data, 
it is possible to keep the display quality of an image 
displayed in the pixels under such condition that the 
display quality does not apparently different from that in 
the case of displaying an image based on the first tone 
data. 

[00285] Further, the first correction means emphasizes the 
tone transition from the previous time to the current time, 
so that it is possible to improve the response speed of the 
pixels. Here, in case where the first correction means is 
provided at the following stage of the noise adding means, 
a noise is added to the data after emphasizing the tone 
transition. Thus, the tone transition may be excessively 
emphasized, so that the luminance of the pixels is 
undesirably increased. As a result, there is a possibility 
that this excessive emphasis may be regarded as the 
excessive brightness by the user of the image display 
device. 
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[00286] Alternatively, the tone transition may be 
insufficiently emphasized, so that the luminance of the 
pixel is undesirably reduced. As a result, there is a 
possibility that the insufficient emphasis may be regarded 
as the poor brightness. However, according to the 
foregoing arrangement, the first correction means is 
provided at the following stage of the noise adding means, 
so that it is possible to improve the response speed of the 
pixels without bringing about the excessive or poor 
brightness caused by the addition of the noise, unlike the 
case where the first correction means is provided at the 
previous stage of the noise adding means. 

[00287] As a result, it is possible to realize the driving 
device of the image display device which can improve the 
response speed of the pixels and can reduce the circuit 
size and the computing amount thereof without apparently 
deteriorating the display quality of an image displayed in 
the pixels. 

[00288] In addition to the foregoing arrangement, it may be 
so arranged that: the noise generating means generates 
the noise data so that each volume of the noise data 
added to the first tone data supplied to the same pixel is 
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constant every time the noise data is added. 

[00289] According to the foregoing arrangement, the 
volume of the first tone data to the same pixel is fixed in a 
time-series manner. Thus, when a still image is displayed, 
data outputted from the first correction means to the 
pixels has the same value every time though the noise 
data is added to the first tone data to the pixels. As a 
result, the image display device can display a still image 
free from flicker and noise caused by the addition of the 
noise data. 

[00290] In addition to the foregoing arrangement, it may be 
so arranged that: the first tone data is represented by 8 
bits, and a maximum value of an absolute value of the 
noise data is set to be in a range from 1 tone to 32 tones, 
and the noise adding means, the noise generating means, 
the storage means, and the first correction means are 
provided for each color of R, G, and B. 

[00291] In the foregoing arrangement, when the image 
display device driven by the driving device is viewed at 
such a distance that it is impossible to recognize each 
pixel, it is possible to suppress a difference between a 
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luminance of a certain pixel and a luminance of a pixel 
adjacent to that pixel within 5% with respect to a 
luminance of each pixel by adding the noise data. Further, 
it is possible to suppress also a difference between a 
luminance of a pixel indicated by the first tone data and a 
luminance of a pixel controlled by the correction means 
within 5% with respect to each luminance. Thus, it is 
possible to realize the image display device which can 
display a color image and has particularly high display 
quality. 

[00292] Further, instead of the arrangement in which the 
volume of the first grayscale data to the same pixel is 
fixed in a time-series manner, it may be so arranged that: 
the noise generating means generates the noise data so 
that the noise data added to the first tone data supplied 
to the same pixel have random sizes. 

[00293] In the arrangement, the noise data added to the 
first tone data to the same pixel varies in a time-series 
manner. Thus, even in case where the image display 
device is viewed at such a distance that each pixel is 
sufficiently recognized and the noise is fixed in a 
time-series manner which causes the noise to be 
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recognized as the noise pattern, it is possible to prevent 
the noise pattern from being recognized by the user by 
varying the noise data in a time-series manner. As a 
result, it is possible to realize the driving device which is 
preferably used in driving the image display device. 

[00294] In addition to the foregoing arrangement, it may be 
so arranged that: the first correction means stops 
correcting the current second tone data when a difference 
between the previous second tone data and the current 
second tone data corresponds to a possible difference 
caused merely by addition of the noise data. 

[00295] In the arrangement, the first correction means 
stops correcting the current second tone data when a 
difference between the previous second tone data and the 
current second tone data corresponds to a possible 
difference caused merely by addition of the noise data. 
Thus, it is possible to prevent such disadvantage that: the 
first correction means emphasizes the tone transition 
caused by the noise data is emphasized, so that the noise 
pattern is recognized. 

[00296] In addition to the foregoing arrangement, it may be 
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so arranged that: the first tone data is represented by 8 
bits, and a maximum value of an absolute value of the 
noise data is set to be in a range from 1 tone to 8 tones, 
and the noise adding means, the noise generating means, 
the storage means, and the first correction means are 
provided for each color of R, G, and B. 

[00297] In the arrangement, the maximum value of the 
absolute value of the noise data is set to be in the 
foregoing range. Thus, when the image display device 
driven by the driving device is viewed at such a distance 
that each pixel can be recognized, it is possible to 
suppress a difference between a luminance of a certain 
pixel and a luminance of a pixel adjacent to that pixel 
within 5% with respect to each luminance by adding the 
noise data, and it is possible to suppress a difference 
between a luminance of a pixel indicated by the first tone 
data and a luminance of a pixel controlled by an output of 
the correction means within 5% with respect to each pixel 
by adding the noise data. Thus, it is possible to realize the 
image display device which can display a color image and 
has particularly high display quality. 

[00298] In addition to the foregoing arrangement, 
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regardless of whether the noise data varies in a 
time-series manner or not, it may be so arranged that: 
there is provided least significant bit control means (frame 
rate control circuit 38 for example) for varying a least 
significant bit of the second tone data in accordance with 
a predetermined pattern so that a tone obtained by 
averaging the second tone data to the same pixel 
corresponds to a tone whose least significant bit has not 
been rounded by the noise adding means. 

[002991 In the arrangement, even in case of displaying a 
still image, the second tone data varies in a time-series 
manner. Thus, even in case where the image display 
device is viewed at such a distance that each pixel 
sometimes can be recognized and sometimes cannot be 
recognized depending on brightness and movement of a 
displayed image, and the noise pattern may be recognized 
depending on the displayed image when the second tone 
data is fixed in a time-series manner in displaying a still 
image, it is possible to prevent the noise pattern from 
being recognized by the user. Further, variation of the 
second tone data is limited to the least significant bit, and 
is limited so that a tone obtained by averaging the second 
tone data to the same pixel corresponds to a tone whose 
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less significant bit has not been rounded by the noise 
adding means. Thus, although the second tone data varies 
in a time-series manner, it is possible to prevent apparent 
deterioration of the display quality of an image displayed 
in the pixels. As a result, it is possible to realize the 
driving device which is preferable in driving the image 
display device. 

[00300] In addition to the foregoing arrangement, it may be 
so arranged that: the first correction means stops 
correcting the current second tone data when a difference 
between the previous second tone data and the current 
second tone data corresponds to a possible difference 
caused merely by addition of the noise data and variation 
of the least significant bit that is performed by the least 
significant bit control means. 

[00301] In the arrangement, the first correction means 
stops correcting the current second tone data when a 
difference between the previous second tone data and the 
current second tone data corresponds to a possible 
difference caused merely by addition of the noise data and 
variation of the least significant bit that is performed by 
the least significant bit control means. Thus, it is possible 
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to prevent such disadvantage that: the first correction 
means emphasizes the tone transition caused by the noise 
adding means and the least significant bit control means, 
so that the noise pattern tends to be recognized. 

[00302] In addition to the foregoing arrangement, it may be 
so arranged that: the pixels are divided into a plurality of 
areas, and said driving device includes noise amount 
control means for averaging the first tone data supplied to 
the pixels in each of the areas, and controlling the noise 
generating means so that a maximum value of an absolute 
value of the noise data is smaller in case where an average 
value of the first tone data is small than in case where the 
average value of the first tone data is high. 

[00303] Here, when the noise data added to the first tone 
data is too large, the noise pattern tends to be recognized 
by the user of the image display device, and when the 
noise data is too small, the pseudo outline occurs, so that 
the display quality of an image displayed in the pixels is 
deteriorated. Further, whether the noise pattern tends to 
be recognized or not depends on the brightness of the 
image. In case where the maximum value of the absolute 
value of the noise data is constant, when the transition is 
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small, that is, when a lower luminance is indicated, a 
relative volume of the noise data is larger than that in the 
case where the tone is large, so that the noise pattern 
tends to be recognized. As a result, when the maximum 
value is fixed, it is necessary to set the maximum value so 
as not to bring about any trouble in case where the image 
is bright and in case where the image is dark,, so that it is 
impossible to set the maximum value to be the most 
suitable for both the case. 

[00304] On the other hand, according to the foregoing 
arrangement, the maximum value of the absolute value of 
the noise data generated by the noise generating means is 
changed in accordance with an average value of the first 
tone data. Thus, it is possible to set the maximum value 
to be a value more suitable for an image being displayed 
unlike the case where the maximum value is fixed, so that 
it is possible to realize the image display device having 
high display quality. 

[00305] Further, in the foregoing arrangement, the first 
tone data to the pixels included in each area are averaged 
so that the maximum value is set in accordance with the 
average value. Thus, it is possible to prevent such 
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disadvantage that: although a tone for a certain pixel is 
greatly different from tones of peripheral pixels, the 
maximum value is set in accordance with the tone for the 
pixel, so that the noise pattern tends to be recognized. 

[00306] In addition to the foregoing arrangement, it may be 
so arranged that: a video signal constituted of the first 
tone data inputted to the input terminal is obtained by 
dividing an image into a plurality of small blocks and 
encoding each of the small blocks, and the areas 
correspond to the small blocks. 

[00307] In the arrangement, the area corresponds to a unit 
in encoding the video signal (the area corresponds to a 
size regarded as a unit of an image, or such a size that a 
noise tends to be regarded because it is a unit in encoding 
the video signal). Thus, even in case of performing scale 
conversion with respect to the video signal so as to 
display an image based on the video signal having been 
subjected to the scale conversion (for example, in case of 
enlarging an original signal so as to display an image, 
based on thus enlarged original signal, in a 
high-definition liquid crystal display device), it is possible 
to prevent the foregoing disadvantage. 
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[00308] In addition to the foregoing arrangement, it may be 
so arranged that: the storage means stores not only the 
current second tone data but also the previous second 
tone data until the next time, and said driving device 
includes second correction means (previous frame 
grayscale correction circuit 37 to 37i for example) for 
correcting the previous second tone data referred to by the 
first correction means so that the previous second tone 
data approaches further previous second tone data when a 
combination of the further previous second tone data and 
the previous second tone data that are stored by the 
storage means is a predetermined combination. 

[00309] In the arrangement, when a combination of the 
further previous second tone data and the previous tone 
data is a predetermined combination, the previous 
grayscale data referred to by the first correction means is 
corrected so as to approach the further previous tone data. 
Thus, when the tone transition from the further previous 
time to the previous time is predetermined tone transition, 
it is possible to suppress an amount of correction 
performed by the first correction means compared with the 
case where the second correction means does not perform 
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any correction. 

[00310] As a result, for example, when the tone transition 
from the further previous time to the previous time is 
corrected by the first correction means in the same 
manner as in ordinary correction like the case of 
"decay— >rise" or "rise— ►decay", it is possible to suppress 
occurrence of the following phenomenon: a synergy effect 
of (i) insufficient response of the pixels in the tone 
transition from the further previous time to the previous 
time and (ii) emphasis of the tone transition that is 
performed by the first correction means causes the 
current tone of the pixel to greatly differ from the tone 
indicated by the current second tone data, so that the 
excessive or poor brightness occurs. 

[00311] As a result, it is possible to improve the display 
quality of the image display device. Further, the storage 
means stores the previous second tone data that has not 
been corrected by the first correction means, so that an 
error caused by the correction performed by the first 
correction is not superposed or accumulated unlike the 
arrangement in which the second tone data that has been 
corrected is stored. Thus, even when the first and second 
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correction means are realized by using circuits having 
relatively small circuit sizes and low accuracy in 
computing for the correction, this arrangement does not 
cause divergent or oscillating pixel tone level control. As a 
result, it is possible to realize the image display device 
having high display quality by using circuits whose circuit 
sizes are relatively small. 

[00312] Further, the bit width of the previous second tone 
data stored in the storage means until the next time may 
be the same as the bit width of the current second tone 
data. However, in case where reduction of the circuit size 
is particularly required, in addition to the foregoing 
arrangement, it may be so arranged that: there is provided 
bit width adjusting means (control circuit 32g • 32i for 
example) for limiting a total of a bit width of the current 
second tone data and a bit width of the previous tone data 
so that the total corresponds to a preset value, by 
rounding a least significant bit of at least one of the 
current second tone data and the previous second tone 
data, before the storage means stores the current second 
tone data and the previous tone data. In the arrangement, 
a total of both the second tone data stored in the storage 
medium is limited, so that it is possible to reduce the 
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circuit size compared with the case where all the data are 
stored. 

[00313] Note that, various kinds of rounding processes 
may be performed as the aforementioned rounding process. 
When it is required to simplify the rounding process, it is 
preferable that the bit width adjusting means limits a 
total of bit widths of both the second tone data by 
rounding down the less significant bit. 

[00314] In addition to the foregoing arrangement, it may be 
so arranged that: the bit width adjusting means changes a 
ratio, at which the bit width of the previous second tone 
data stored until the next time is included in the preset 
value, in accordance with at least one of (i) a type of an 
image and (ii) a temperature. 

[00315] Here, in case where the preset value is limited so 
as to be smaller than twice the bit width of the current 
second tone data, when a ratio at which the bit width of 
the further previous second tone data is included in the 
preset value is excessively increased, the corrected 
previous second tone data can be influenced by the 
further previous second tone data more exactly, but 
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cannot be influenced by the previous second tone data 
exactly. Thus, it is desired to set the ratio, at which the 
bit width of the further previous second tone data is 
included in the preset value, to be a value appropriately 
influenced by both the second tone data. 

[00316] While, in case where a fast-moving image is 
inputted, the corrected tone data is susceptible to the 
further previous video data. Thus, when a type of an 
image so varies that an expected speed of movement varies, 
also an appropriate value of the foregoing ratio varies. 
Likewise, when temperature varies, also the response 
speed of the pixel varies. Thus, also the appropriate value 
of the foregoing ratio varies. 

[00317] On the other hand, according to the foregoing 
arrangement, the bit width adjusting means changes a 
ratio, at which the bit width of the previous second tone 
data stored until the next time is included in the preset 
value, in accordance with at least one of (i) a type of an 
image and (ii) a temperature. Thus, it is possible to keep 
the foregoing ratio at an appropriate value regardless of a 
type of an image and/or a temperature. As a result, it is 
possible to keep high display quality of the image display 
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device. 

[00318] Incidentally, the driving device of the image 
display device may be realized by using a hardware, or 
may be realized by causing a computer or any type of 
computer device to carry out a program. That is, a 
program according to the present invention is a program 
causing a computer to operate as the foregoing means, 
and a storage medium according to the present invention 
stores the program. 

[00319] When the program is carried out by the computer, 
the computer operates as the driving device of the image 
display device. Thus, as in the driving device of the image 
display device, it is possible to realize the driving device of 
the image display device, which can improve the response 
speed of the pixels and can reduce the circuit size and the 
computing amount, without apparently deteriorating the 
display quality of an image displayed in the pixels. 

[00320] Further, an image display device according to the 
present invention includes the foregoing driving device. 
Moreover, a television receiver according to the present 
invention includes the image display device. 
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[00321] The image display device and the television 
receiver arranged in the foregoing manner include the 
driving device, so that it is possible to improve the 
response speed of the pixels and it is possible to reduce 
the circuit size and the computing amount without 
apparently deteriorating the display quality of an image 
displayed in the pixels. 

[00322] Meanwhile, as described above, a driving device 
(21j to 21p) of an image display device (1) according to the 
present invention includes: tone conversion means (142 
for example) for converting first tone data indicative of a 
current tone of each of pixels (sub-pixels SPIX (1, 1)) into 
second tone data having a y property larger than a y 
property of the first tone data; storage means (frame 
memory 131 for example) for storing current second tone 
data until the next time; and correction means 
(modulation processing section 133 for example) for 
correcting the current second tone data, in accordance 
with previous second tone data read out from the storage 
means, so as to facilitate tone transition from the previous 
second tone data to the current tone data, wherein a 
lowest possible limit of the second tone data which varies 
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according to conversion of the first tone data is set to be 
higher than a lower limit of a representable (expressible) 
value range of the second tone data. 

[00323] In the foregoing arrangement, the correction means 
corrects the current second tone data so as to emphasize 
the tone transition from the previous time to the current 
time, so that it is possible to improve the response speed 
of the pixels. Besides, in the foregoing arrangement, the 
tone conversion means converts the first tone data into 
the second tone data having a larger y property. Further, 
a lowest possible limit of the second tone data which 
varies according to conversion of the first tone data is set 
to be higher than a lower limit of a representable value 
range of the second tone data. 

[00324] Thus, in case where the pixel for displaying an 
image based on the second tone data displays a tone 
indicated by the second tone data, there are a larger 
number of dark tones than the case where the y 
conversion is not performed. Further, a value of second 
tone data which corresponds to a lower limit (black level) 
of the first tone data is not the lower limit of the second 
tone data. Thus, the correction means can use second 
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tone data indicative of a tone lower than a tone of the 
foregoing second tone data in emphasizing the tone 
transition, so that it is possible to improve the response 
speed of the pixels. 

[00325] In addition to the foregoing arrangement, it may be 
so arranged that: a bit width of the second tone data is set 
to be wider than a bit width of the first tone data. Further, 
in addition to the foregoing arrangement, it may be so 
arranged that: the bit width of the first tone data is 8 bits, 
and the bit width of the second tone data is 10 bits. In 
these arrangements, the bit width of the second tone data 
is set to be wider than the bit width of the first tone data, 
so that the tone conversion means can perform the y 
conversion with higher accuracy. 

[00326] In addition to the foregoing arrangement, it may be 
so arranged that: the driving device includes: noise adding 
means for adding noise data and rounding a least 
significant bit having a predetermined bit width before 
inputting the second tone data to the storage means and 
the correction means; and noise generating means for 
generating the noise data so that the noise data added to 
the pixels of the same color which are adjacent to each 
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other have random volumes, and supplying the noise data 
to the noise adding means. Further, in addition to the 
foregoing arrangement, it may be so arranged that: a bit 
width of the first tone data is 8 bits, an a bit width of the 
second tone data is 10 bits, and a bit width of the least 
significant bit is 2 bits. 

[00327] Note that, various kinds of rounding processes 
may be performed as the aforementioned rounding process. 
When it is required to simplify the rounding process, it is 
preferable that the noise adding means generates the 
second tone data by rounding down the less significant 
bit. 

[00328] In these arrangements, the bit width of the second 
tone data stored in the storage means is set to be shorter 
than the bit width of the second tone data that the tone 
conversion means generated by rounding the less 
significant bit. Thus, it is possible to reduce the storage 
capacity required in the storage means. Further, the bit 
width of the tone data processed by circuits (the storage 
means, the correction means, and the like) positioned 
after the noise adding means is reduced. 
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[00329] Thus, it is possible to reduce the circuit size and 
the computing amount of these circuits, and it is possible 
to reduce the number of wirings connecting the circuits 
and an area occupied by the wirings. Further, the noise 
generating means generates the noise data so that the 
noise data added to the second tone data of the same color 
which are adjacent to each other have random volumes. 
Thus, this arrangement does not bring about the pseudo 
outline unlike an arrangement in which: the less 
significant bit of the second tone data is merely truncated, 
so that the pseudo outline occurs in an image displayed in 
the pixels. 

[00330] As a result, according to the foregoing arrangement, 
although the bit width of the second tone data stored in 
the storage means is shorter than the bit width of the 
second tone data generated by the tone conversion means, 
it is possible to keep the display quality of an image 
displayed in the pixels so that there is no apparent 
difference from the case where the less significant bit is 
not rounded. 

[00331] Note that, in case where the noise adding means is 
provided at the following stage of the correction means, a 
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noise is added to the data obtained after emphasizing the 
tone transition. Thus, the tone transition is excessively 
emphasized, so that the luminance of the pixel 
undesirably increases. As a result, the excessive emphasis 
of the tone transition may be recognized by the user of the 
image display device as the excessive brightness. 

[00332] Alternatively, the tone transition is insufficiently 
emphasized, so that the luminance of the pixel 
undesirably decreases. As a result, the insufficient 
emphasis of the tone transition may be recognized by the 
user as the poor brightness. However, according to the 
foregoing arrangement, the correction means is provided 
at the following stage of the noise adding means. Thus, 
unlike the arrangement in which the correction means is 
provided at the previous stage of the noise adding means, 
it is possible to improve the response speed of the pixels 
without bringing about the excessive or poor brightness 
caused by the addition of the noise. 

[00333] As a result, it is possible to prevent the display 
quality of an image displayed in the pixels from 
apparently deteriorating, and it is possible to reduce the 
circuit size and the computing amount. 
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[00334] Incidentally, the driving device of the image 
display device expressed in each of the various 
embodiments above, may further be realized in the form of 
a method of driving. They may further be implemented 
by using hardware, or they may be realized by causing a 
computer to carry out a method, wherein any such method 
may be implemented in the form of a program. That is, a 
program according to any of the embodiments of the 
present invention may be a program causing a computer 
to operate as any of the foregoing means, and any type of 
computer readable medium according to an embodiment of 
the present invention may store the program. 

[00335] When the program is carried out by the computer 
(any type of computer device capable of running a 
computer program and/or reading from a computer 
readable medium), the computer operates as the driving 
device of the image display device. Thus, as in the driving 
device of the image display device, it is possible to realize 
the driving device of the image display device, which can 
improve the response speed of the pixels and can reduce 
the circuit size and the computing amount, without 
apparently deteriorating the display quality of an image 
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displayed in the pixels. 

[00336] A program in accordance with an embodiment of the 
present invention includes a program causing a computer 
to execute the steps constituting any of the aforementioned 
methods of driving a display. Such a computer running the 
program may operate as a driver for the display. 

[00337] Any and all of these programs may be represented 
as a computer data signal. For example, if a computer 
receives the computer data signal embodied in a signal (for 
example, a carrier wave, sync signal, or any other signal) 
and runs a program, the computer may drive the display 
with any of the drive methods. 

[00338] Any of these programs, when recorded on a 
computer readable storage medium, may be readily stored 
and distributed. 

[00339] A computer reading the storage medium, may drive 
the display with any of the drive methods. 

[00340] Further, an image display device according to an 
embodiment of the present invention includes the any of 
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mentioned driving devices. Moreover, a television receiver 
according to an embodiment of the present invention 
includes any of the image display devices. 

[00341] The image display device and the television 
receiver arranged in the foregoing manner include the 
driving device, so that it is possible to improve the 
response speed of the pixels. 

[00342] Note that, the foregoing description explains the 
arrangement in which the rounding process is performed 
before storing data in the storage means. However, it may 
be so arranged that: instead of performing the rounding 
process before storing the data, the storage means 
compresses and stores data, which should be stored, by 
using a known compressing technique, and the first 
correction means or the correction means performs the 
rounding process before outputting the corrected video 
data. 

[00343] An example is described as follows on the basis of 
the arrangement of Fig. 1 or Fig. 15. The truncation 
circuit (36 • 145) is omitted, and the memory control 
circuit (32 • 132) compresses the inputted data and stores 
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thus compressed data into the frame memory (31 • 131), 
and the data from the frame memory is decompressed and 
outputted. Further, the modulation processing section (33 
• 133) rounds the corrected video data, and outputs the 
data as the corrected video data D2 (i, j, k). 

[00344] Also in the arrangement, the noise is added before 
the first correction means or the correction means 
corrects the data. As such, it is possible to improve the 
response speed of the pixels while preventing the 
occurrence of the excessive or poor brightness caused by 
adding the noise. 

[00345] Further, the data stored in the storage means is 
compressed by performing the compressing process. As 
such, it is possible to reduce the storage capacity required 
in the storage means. Further, the rounding process is 
performed by the first correction means or the correction 
means. Thus, it is possible to reduce a bit width of vide 
data which needs to be processed by a circuit (for example, 
the data signal line driving circuit 3 and the like of the 
panel 1 1 of the image display device 1) positioned at the 
following stage of the first correction means or the 
correction means. Further, the rounding process is 
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performed after the noise is added, so that it is possible to 
suppress the occurrence of the pseudo outline unlike the 
arrangement in which merely the rounding process is 
performed. 

[00346] As a result, it is possible to realize a driving device 
of an image display device in which: it is possible to 
improve the response speed of the pixels without 
apparently deteriorating the display quality of an image 
displayed in the pixels, and it is possible to reduce a 
circuit size and a computing amount. 

[00347] However, as explained in the respective 
embodiments, it is possible to further reduce the circuit 
size by causing the means (for example the noise adding 
means or the like) positioned at a further previous stage 
to round the less significant bit. 

[00348] The invention being thus described, it will be 
obvious that the same way may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the 
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